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ABSTRACT 

C ray f i sh were col l e cted from 3 s i tes on Polecat Creek, Coles 

Coun ty , I l l i no i s  i n  ear ly  sp r i ng ,  early sunmer, and l a te summer of 

1 972 .  Pes t i c i des were extracted from the cray f i s h  t i ssue in a one 

s tep p rocedure ut i liz ing  a F lor i s i l  e l ut ion co l umn . Analys i s  was 

by e l ec t ron cap ture gas ch romatography . Pes t i c i de res i dues i n  the 

nannogram range were ana lyzed and background contam inat ion was an 

i mportant cons i derat i on .  Sources of background con tam i na t ion were 

i nves t i gated and tef l on stopcocks , F l or i s i l ,  and res i dues on 11c l eaned11 

g l assware we re found to be major contam inat ion sou rces . D i s t i l l ed 

water used i n  f l us h i n g  g l assware shoul d a l so be con s i dered a potent i a l  

con tam inat i on source . 

Al d r i n ,  d i e l d r i n ,  and pp' ODE were. i den t i f i ed and quan t i tated 

i n  a l l s amp l es tested . Hep tach l or epoxi de was i9en t i f i ed  i n  severa l 

samp l es as were peaks that corresponded to e i the r heptach lor  or  l i ndane . 

No pp ' DDT was foun d .  No s i gn i f i cant  d i fferences were found i n  pes t i 

c i de l eve l s  o f  a l d r i n ,  d i e l dr i n ,  o r  pp ' DOE w i th respect to t ime o r  

l ocat i on . 
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I NTRODUCT I ON 

A pes t i c i de b i omon i to r i n g  s tudy was conducted on Po l ecat Creek 

( Coles County, 11 l i no i s )  us i n g  the freshwa ter cray f i sh ( three genera) 

as an i nd i cator organ i sm .  A s i mi l a r  s tudy had p rev ious l y  been conducted 

us i n g  the c l am Arrb lema p l  i cata  (Hogan, 1972) . Cray f i sh were selected 

as an i n d i ca tor  because of the i r  avai l ab i l i ty ,  s i ze ,  1 i m i ted range , 

and feed ing  hab i ts .  

When contami nat ion  p rob lems we re encoun tered du r i n g  the t i ssue 

extract ion port ion of the ana lys i s ,  i t  was dec i ded to devote the f i rs t  

part of the s tudy to the documentat ion of these p rob l ems as an a i d  to 

future s t ud ies  uti l i z i n g  th i s  method of ana l ys i s .  
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L I TERATURE REV I EW 

A l d r i n, d i e l d r i n ,  and DDT a re synthe t i c  orga n i c  i nsect i c i des 

more spec i f i ca l l y  referred to as o rganoch l o r i ne i nsec t i c i des . A l d r i n  

can b reak down i n to d i e l d r i n  and DDT can be  metabo l i zed by i nsects 

i nto the non i nsec t i c i da l  ODE . The most famous of these i s  DDT . 

DDT was f i rs t  desc r i bed by the German chemi st Othma r Ze i d l e r  i n  

1 8 74, but  i ts i nsect i c i da l  val ue was not d i s covered unt i l  1939 by Paul 

Mu l l e r  wh i l e  work i ng for the Ge i gy dye COfll>any i n  Base l ,  Sw i tzer l and 

(Wh i tten ,  1966) . When supp l i es of natural  organ i c  pes t i c i des used for 

l ouse and rat con t ro l  were l a rge l y  cut off because of Wo r l d  Wa r I I i t  

became necessary to f i nd subs t i tutes .for m i l i tary purposes . DDT thus 

came i n to use and demons t rated g reat  success i n  ha l t i ng a Typhus epi 

dem i c  i n  I ta l y  i n  1 943 and 1 944 (U .  S .  Dep t .  of Hea l th ,  Educat i on ,  and 

We l fa re ,  1 969) . Therea fte r, l i t t l e  2-ounce cans of DDT became the con

stant  compan i ons of the Ame r i can sol d i e rs and the i r  a l  l i es . As Wor l d  

War  I I  drew to a c lose the use o f  DDT became rout i ne i n  check i n g  ep i 

demi cs i n  l i be ra ted concen tra t i on camps and i n  p rotect ion  of g roups of 

wander i ng  refugees . Othe r early  uses of DDT were ant i mosqui to campa i gns 

i n  the Un i ted States and I ta l y  to comba t  ma l a r i a  (Whi tten,  1966) . 

DDT became commerc i a l l y  ava i l ab l e  to the pub l i c  about 1945.  

Research con t i nued on other c l ori nated hydroca rbon compounds in  the 

quest for even better i nsect i c i des , eventua l l y  res ul t i ng i n  the appear

ance of a l d r i n  and d i e l d r i n  i n  1 948 (G reens l ade , 1 960) . As of 1969 

there were sorre 900 act i ve pes t i c i da l  chemi ca l s  formu l a ted i n to over 
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60,000 prepa rat i ons ( U .  S .  Dep t .  of Hea l th ,  Educa t i on , and We l fa re, 

1969) . These i n c l ude i nsect i c i des, fun g i ci des, herb i c i des , and p l ant  

growth regul ators . I n format ion concern i ng the amounts of pes t i c i des 

produced i n  the Un i ted S ta tes i nd i cate that one b i l l i on pounds a re 

p roduced year ly (USDA , 1 9 7 1 )  and i n  1969 i nsec t i c i des accounted for 

about one-ha l f  of the total amoun t .  Re l a t i ve l y  l a rge percentages of 

these i nsect i c i des were exported. The p roduction  of DDT, though, has 

genera l l y  dec l i ned s i nce h i t t i n g  a p roduct i on peak i n  1 959 . 

On October 2 1 ,  1972 the "Federal Envi ronmental  Control Act of 

1 9 72" was s i gned i n to l aw by the Pres i dent of the Un i ted S ta tes . Th i s  

i s  a comprehens i ve p rogram to regu l a te pes t i c i des for the p rotec t ion 

of human be i ngs and the envi ronmen t (Congress ional  Qua rte r l y  A l manac , 

1 972) . The act g i ves the Env i ronmental  Protect i on Agency. (es tab l i shed 

i n  1970) regu l a tory powe r over the use o f  pes t i c i des . The EPA has 

banned a l l  but essen t i a l  uses of DDT effec t i ve December  3 1 ,  1972 . DDT 

can s t i l l  be used though fo r pub l i c hea l th and d i sease control (under 

s t r i ngent con d i t i on s )  and a l so for ce rta i n  c rop uses for wh i ch there 

a re no effect i ve al ternat i ves . 

A su rvey of the S tate Departmen t of Agr i cu l ture i n  M i nnesota 

showed that by May 197 1 ,  at l ea s t  29 states had taken some a c t i on to 

res t r i ct the use of some pes t i c i des (Env i ronmental P rotect i on Agency . 

O ff i ce of Water P rog rams, 1972 ) . As of Ju ly  1 ,  1 969 the S tate of 

I l l i no i s  has a "Pes t i c i des Con t ro l  Law" that con t ro l s  the labe l i ng, 

s a l e, and use or app l i ca t i on of pes t i c i des i n  the s tate of I l l i no i s  

to p revent the undes i rab l e  contam i n a t i on o f  water a nd the envi ronment 

(Il l i no i s  Revi sed S tatues , . 1 9 7 1 ) . 

In the past DDT seems to have been used as an a l l  a round pes t i 

c i de i n cl ud i ng forest i nsect con t rol  p rograms , mosqu i to and b a t  control , 



and more than 200 federally recommended agr i cul tu ra l crop app l i ca t ions .  

A l d r i n  has been exten s i ve l y  used as a soi l insectJ c i de espec i a l l y  wi th 

respect to corn p roduc t i o n .  It  i s  effec t i ve aga i ns t  a va r i e ty o f  pes ts 

i n c l ud i ng the corn rootworm l a rvae . D i e l d r i n  i s  effect i ve aga i ns t  a 

vari e ty of pes ts ,  espec i a l l y  when a l ong  l as t i ng res i dual  effect i s  

des i re d .  I ts p r i ma ry uses seem to have been aga i ns t termi tes and corn 

soi l i n sects ( U . S .  Dept .  of Heal th , Educat ion ,  and We l fa re ,  1 969) . 

The bene f i ts ob ta i ned from the synthe t i c  pes t i c i des are i mp ress i ve .  

I n  the a rea of pub l i c  hea l th there are a t  l east 2 7  d i seases , i nc l u d i n g  

some o f  the worl ds dead l i es t ,  that can b e  cont ro l l ed part ly  o r  comp l ete ly  

by  DDT and i ts a l l i es (Wh i tten, 1966) . Malar i a  i s  a p r i me examp l e .  I n  

1953 there were 75 mi l l i on cases o f  ma l a r i a  i n  I nd i a  w i th an accompany i n g  

l i fe expectancy o f  32 years . By 1962, 147  mi l l i on pounds of DDT had been 

used and l i fe expectancy had increased to 47 yea rs . I n  1967 there were 

fewer than 100 , 000 cases of ma l a r i a  i n  I nd i a  (Burns i de, Furre r ,  and 

Rose l l e ,  1 97 1 ) . The USDA Agr i cu l tural Handbook 291  pub l i shed i n  1965 

es t i ma tes that the annual l oss  caused by pes ts to agr i cul tu ral commod i t i es 

i n  the Un i ted S ta tes dur i ng 1951 to 1960 amounted to over 15 m i l l ion 

dol l ars per year o r  the equ i va l ent  of about 33% o f  the total agr i cu l 

tural output (Burns i de � !.!.._ . ,  197 1 ) . Pes t i c i des a re an effect i ve tool 

i n  reducing these l osses . 

R i gh t  from the s ta r t  the effects of pes t i c i des ( i . e . , DDT) on the 

env i ronment were ques t i oned.  E i de ,  Deon i e r ,  and Burrel l (1945) , G insburg 

( 1945) , Cottam and H i gg i ns ( 1946) , Surber ( 1 946) , an d Hess ( 1 947) al l 

inves t i gated the toxi c effects of DDT on nontarge t o rgan i sms s uch as 

f i s h ,  f i sh food organ i sms , and wi l d l i fe .  Hess ( 1947) was the only one 

who conc l uded that the effects were not s i gn i f i ca n t l y  i n j u r i ous , but he 
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d i d  qualify th i s  with the conjecture tha t  heav i e r  doses or  qiffe rent 

me thods of app l i cation might make a difference. Tak i ng i n to account 

the var i ab les  of hab i ta t ,  dose ra te , and me thod of app l i cation , the 

othe r inves t i gators a l l found the effects of DDT to be de l e te r i ous . 

Cottam and H i ggins ( 1946) speci f i ca l ly conc l uded that i nvertebrates 

and co l d-bl ooded vertebrates were more read i ly affected than b i rds 

and mamma l s .  

Dur ing Augu s t  of 1950 there were fish k i l l s  i n  at l east  15 s t reams 

in the Tennessee R i ve r  Va l l ey of A l abama . Inve s t i ga t i ons indicated 

that  the kil l s  were the ind i rect resu l t  of insec t i c i de applications 

for the control of cotton insects . This was p robab ly  one of the fi rs t 

ins tances whe re extens i ve po l l u t i on of s t reams had res u l ted from the 

use of insecticides i n  agr i cu l ture (Young and N i cholson , 1 95 1 ) . The 

pub l i cation of "Si lent Spr ing" by Carson in 1 962 d i d  much to focus 

pub l i c  a ttent ion on the poten t i a l  prob l ems of pes t i c i de res i dues even 

though the haza rds may have been g rea t l y  exaggerated (Edwards , 1 970) . 

Dete rmina t i on of pes t i cide res i dues i s  us ua l ly  by chem i ca l  methods 

o r  by b ioassay . B i oassay can genera l l y  be cons i de red to be the response 

of  an organ ism  to a chem i ca l . Several o rgan i sms have been inve s t i gated 

in this respect ;  e . g . , housef l i e s ,  mosqu i to l a rvae , Drosoph l i a ,  other 

insects , m i c rocrustaceans , f i s h ,  m i c roorganisms , and p l ants . I t  i s  a 

s i mp l e ,  sw i ft ,  versati l e ,  and high l y  sens i t i ve techn i q ue but often i t  

ITlJSt be used i n  con j unct i on w i th a chemi cal method i n  o rde r to obta i n  

gene ral acceptance of the data (Dewey , 1958) . 

Gas ch romatography i s  p romi nent among the several chemi ca l  methods 

of pestic ide res i due ana lys i s .  The theory of gas chromatography was 

proposed by James and Ma rt i n  { 1952) , and one of  the fi rs t  uses of gas 
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chromatograph i c  ana l ys i s  of res i dues was w i th the m i c rocou l me t r i c  

detector deve l oped by Coulson and Cavanagh ( 1960) ( L i sk ,  1966) . Res i 

dues of l ess than 0 . 1  ppm of hal ogenated and organophosphorus i nsec t i 

c i des have been detected w i th th i s  sys tem ( L i sk ,  1966) . The theory of 

the e lectron capture detector was pu�l i s he d  by Love l ock and L i psky 

( 19 60) . Th i s  i s  the mos t w i de l y  used and mos t sens i t ive detector for 

ana lys i s  of ha l ogenated , n i t ro ,  and certa i n  othe r pes t i c i de compounds 

( L i s k ,  1966) . I n sect i c i des i n  the nannogram (0 .001  ,ug) and p i cogram 

(0 .00 1 nannogram) ranges a re read i l y  detected w i th e l ec t ron captu re 

gas chromatography (Lan g l o i s ,  S temp , and L i ska ,  1963) . 

When work i n g  w i th an i ma l  t i ssues the pes t i c i des usua l l y  have 

to be extracted from the t i ssue , part i t ioned i n to a s u i tab l e  s o l vent ,  

and then the so l vent cl eaned up  (e . g . ,  1 i p i d  imp u r i t ies)  p r i o r  to gas 

chromatograph i c  ana lys i s .  A method was i n t roduced by M i l l s  ( 1959) 

u t i l i z i n g  a f lor i s i l  e l u t i on col umn for the cl eanup port ion of the 

p rocedure . For an i ma l  t i ssue samp l es of l ow fat content Lang l oi s ,  

S temp , and L i ska ( 1964) reported the use of a s i m i  Jar f lor i s i l col umn 

i n  a one s tep c leanup procedu re .  

Moo re ( 1966) i nd i cates f i ve c r i te r i a  that shou l d  be con s i de red 

when choos i ng an i n d i cato r organ i sm for pes t i c i de res i due ana l ys i s :  

( 1 )  eas i l y  avai l ab l e ,  (2) anal ys i s  can be made of s i ng l e  an ima l s  o r  

o f  bu l ked samples , (3)  age o f  the i nd i cator an imal can be determi ned 

by i nspec t i on ,  (4) the ind i ca tor  an i ma l  shou ld  o rd i na r i l y  show a re l a

t i ve l y  h i gh pes t i c ide res i due l evel ( too h i gh and an i ncrease m i gh t  

have toxi co l o g i ca l  effects , too.low and pes t i c i de iden t i f i ca t ion may 

not be re l i ab le ) , and (5)  the geograph i c  range of the i n d i ca tor  species 

shou l d  be known . For the mon i tor i ng of freshwa ter hab i ta ts the fresh-



water cray f i sh wou l d  seem to f i t th ree of these cr i te r i a  very wel l .  

W i th respect to age , the general cons i de ra t i on that the o l de r  the 

cray f i sh i s, the l a rger i t  w i l l  be ,  m i gh t  suff i ce .  The cr i te r ion 
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that the i n d i ca to r  shou l d  o rd i na r i l y  show a re l a t i ve l y  h i gh pes t i 

c i de l evel seems to be a moot po int  i n  that th i s  mi gh t  be determi ned 

by the p rev ious exposu re of the i n d i cator. Meeks ( 1 968) conducted 

an extens i ve study of DDT accumu l at ion  i n  a freshwa te r  ma rsh .  He 

fe l t  that good i n d i cator spec ies shou l d  re fl ect the current dynamics 

of the chem i ca l s  themse l ves . He thought that omn i vorous spec i es cou l d  

do th i s  bet te r  than organ i sms w i th res t r i cted food hab i ts .  I t  was 

des i rable  i f  de t r i tus formed a part  of the i r  d i e t  because of the 

aff in i ty be tween det r i tus and DDT res i dues . A low amount of samp l e  

var i at i on was a l s o  importan t .  H e  concl uded that c rayf ish  and sma l l  

carp are often abundant and appear to sat i s fy these requ i remen ts . 

The freshwater crayf i sh has been anal yzed for pes t i c i de res i dues 

several t i mes . I n  some of these s tud ies the res i dues found i n  cray f i sh 

were d i rect l y  compa red w i th other organ i sms . B r i dge s ,  Ka l l man ,  and 

And rews ( 1963) , Cope ( 1966) , and Co l e ,  Barry ,  and Frear ( 1967) con

ducted s tud ies  that compared pes t i c i de res i dues be tween f i sh and cray

f i sh . They genera l ly found that fish conta i ned about twice the res i dues 

that crayf ish  d i d  and that trout seemed to accumu l a te h i gher pes t i c i de 

concen t ra t i ons than bottom feed i n g  f i sh  l i ke bu l l heads and suckers . . 

Hannon � �· ( 1970) compared several organ i sms wi th respect to the i r  

abi l i ty to concentrate pes t i c i des us i n g  the pes t i c i de l evel i n  the 

wate r as a reference of one . Crayf i sh  exh i b i ted a concen t ra t i on factor 

over water of 1 8X ,  p l ankton and a l gae 37X, f i sh 790X ,  and aquat i c 

i nsects 7300X .  Th i s  concen t ra t i on factor exh i b i ted by aqua t i c  i nsects 
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cou l d  exp l a i n  why the i n sect eat i n g  t rout wou l d  exh i b i t  h i gher pes t i 

c i de concent ra t i ons than the bot tom feed i n g  s ucke rs and bu l l heads . 

Johnson et !..!.· ( 19 7 1 )  found s i m i l a r  res u l t s ,  w i th m i c rocrus taceans 

and aqua t i c  i nsects be i n g  ab le to concentrate pes t i c i des many , many 

t i mes g reater than the cray f i s h .  

Fredeen and Duffy ( 1970) compared f i sh to s n a i l s  and c lams and 

found that f i sh seemed to exh i b i t a t  l east two to th ree t i mes the 

pes t i c i de leve l s  of snai l s  and c l ams . F i sh such as suckers and ca t

f i sh con tai ned about tw i ce the res i dues of f i sh l i ke perch and sun f i s h .  

Bedford , Roel ofs , and Zab i k  ( 1 968) used the freshwa ter musse l  as a 

pes t i c i de mon i tor ing  organ i sm and concl uded that i t  wou l d  be an exce l 

l en t  mon i tor ing  organ i sm .  

Thus c ray f i sh do  not seem to be  as e ff i c i en t  concen� rators of 

pes t i c i des as many other members of the aqua t i c  env i ronment but  because 

of the i r  ava i l ab i l i t y ,  s ize, l i m i ted range, eat i n g  hab i ts ,  and the 

pes t i c i de  concent ra t i on characte r i s t i cs that they do possess they a re 

i n  many s i tuat ions the bes t cho i ce for an i n d i ca tor  organ i s m .  
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MATER I ALS AND METHODS 

Col l ec t i on of spec imens : 

Crayf i s h  were co l l ected a t  th ree s i tes on Pol ecat Creek (F i gu re 

1 ) .  S i te 1 had a s l ow curren t ,  s i lty bottom, and was c l ose ly  bordered 

by a g r i cu l tu ral  f i e l d s .  S ites 2 and 3 had a fas ter current, sand

gravel - rock type bottoms , and were bordered by wooded a reas as much 

as by a g r i cultural  f i e l ds . Col l ect i ons were made mos t l y  by hand and 

to a l esser extent by s e i n i ng or by traps w i th ba i t  obta i ned d i rect l y  

from the creek (e . g . ,  c l ams , f i s h ,  etc . ) . Co l l ec t i ons were made a t  

a l l  th ree s i tes ea r l y  i n  the s p r i n g  (before the usual s p r i ng ra i ns ) , 

ear l y  i n  the s umme r ,  and aga i n  i n  l ate surrrne r  (n i ne s amp l es tota l , 

Tab 1 es 1 ,  2 ,  and 3 )  . 

Spec i mens from each s i te were i den t i f i ed ,  homoge n i zed i n  a 

b l ender, doubl e wrapped i n  a l um i num fo i l ,  sea l ed i n  "Bag g i es " ,  and 

then frozen . Each samp l e  is thus a homogenate of severa l  who l e  cray

f i s h .  Spec i mens were i den t i f i ed us i ng the taxonomi c  keys of Pennak 

(1953), and Eddy and Hodson ( 196 1 ) . 

Extract ion  of  i nsect i c i des from t i s sues : 

Extra c t i on of insec t i c i des from the c ray f i sh t i ssue was as  per  

a mo d if i ca t i on of a one s tep p rocedure repo rted by Lang l o i s ,  Stemp , 

and L i ska ( 1 964) that had been app l i ed to a va r i ety o f  a n i ma l  product 

samp l es .  

The s ize of  the samp le  to be ana l y zed i s  l i mited by i ts fa t 

content and by the s i ze of  the F l o r i s i l  c l eanup co l umn use d . - A 



F I GURE 1 .  Map of Polecat Creek, Co l es County , I l l i no i s  show i ng 

crayf i s h  co l lect ion s i tes . 



10 

I,'; ' 
�· 
' 

�-
I 
)" , . 

. r. 

I • '  'J 



11 

pes t i c i des ana lys i s  workshop a t  Argonne Na t i ona l  Labora tory , Argonne, 

11 l i no i s  (Argonne Center for Educa t i on a l  Affa i rs )  had spec i f i ed that 

for the s i ze F l or i s i l  column used i n  th i s  study one g ram of fat  was 

the maxi mum a l l owab l e  for any s i ze samp l e .  

Fa t analys i s  of t i ssue :  

Fa t content of the crayf i sh t i ssue was ascerta i ned by  mod i f i ca-

t ion of a method des cri bed by M i l  ls (1959). Four 1 0  gram sam p l es of 

homogen i zed crayf ish  t i ssue were ana lyzed . Each samp l e  was ground 

wi th a nom in a l  amount of anhyd rous sod i um s u l fa te to comb i ne wi t h  any 

water present and to d i s i n tegrate the samp l e .  Twenty-f i ve m l  of pet ro-

l eum ether ( B . P .  30 - 60°C) was added to the samp l e  wh i ch was shaken 

v i gorous l y  for one m i n ute and then cen t r i fuged for f i ve m i n u tes a t  

1500 R . P .M .  The sol vent l ayer was poured off and s aved . The t i ssue 

was ext racted two more t imes i n  a s i m i l ar manner w i th 15 ml  of petro-

l eum ether each t i me res u l t i ng i n  55  m l  of extra c t .  The sol vent was 

boi l ed off i n  a water bath (60 + oc) and the res i due was taken as the 

fat  content of the or i g i na l  10 g rams of t i ssue (Tab l e  4) . 

G l asswa re used: 

Assemb l ed g l assware ( F i gures 2 and 3) . 

500 m l  cy l i ndr i ca l  separatory funnel w i th pressure equa l i z i ng 
l i ne, ground g l ass s topcock, and ground g lass  joi n ts on both 
ends . 

Kontes Ch romaf lex co l umn ,  s i ze 224 ,  ground g l ass jo i n t  a t  top, 
o r i g i n a l ly  w i th tef l on s topcock and f r i tted p l ate but mod i f i ed 
w i th a g l ass s topcock and w i th the fr i tted p l a te removed .  The 
fr i tted p l a te was removed to fac i l i tate cl ean i ng of the col umn 
and was replaced by a g l ass wool p l ug (angel ha i r) dur ing  use .  

1000 ml Kuderna-Dan i s h  evapora t i ve concen tra tor, a l l  parts w i th 
ground g l ass jo i n t s .  

G l ass morta r  and pes t l e .  



F I GURE 2 .  Ch roma f l ex e l u t ion col umn w i th separatory funnel a ttached . 

The e l uant conta i n i ng the pes t i c i de res i dues w�s co l l ected 

d i rect l y  i nto the Kuderna-Da n i sh evapora t i ve concen t ra tor .  

Not d rawn to sca l e .  
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Separatory funnel • 

Solvent reservoir. 

Glass stopcock. 

Elution column. 

Florisil plus crayfish 
tissue. 

Florisil. 

Glass wool plug. 

Glass st.opcock. 



F I GURE 3 .  Kude rna-Da n i s h  evapora t i ve concentrato r .  To enhance evapora t i on 

the Snyde r col umn was wrapped i n  asbestos and a l um inum foi l .  

A l l  other g lassware was wrapped i n  a l um i num fo i l  on l y .  Not 

drawn to s ca l e .  
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�Condenser added here if 
-"" solvent is to be salvaged 

!or re-use. 

Solvent from 
elution colur.m. 

Finger tube in 
water bath. 
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Sol vents : 

Petroleum e ther ( B . P .  30 - 6o0c) . . . .  Nannograde qual i ty ,  manu
factured by �al l i nckrodt .  

Methylene ch l o r i de ( d i ch l oromethane) . .  Nannograde qual i ty, manu
factured by Ma l l i nckrodt .  

Benzene 

Solvent m ixtures : 

Nannograde qua l i ty ,  manu
factu red by Mal l i nckrod t .  

80/20 = 80% petro l eum ether ( B . P .  30 - 6o0c), 20% methy l ene 
ch l o r i de (d i ch l oromethane) by vo l ume . 

50/50 = 50% pet ro l eum ether, 50% methy l ene ch l o r i de by vol ume . 

Col umn packing mate r ia l :  

F lor is i l ,  60/ 100 mes h ,  manufactured by the F l o r i d i n  Company and 

used as an absorbent for water and l i p i ds .  F lo r is i l  is a syn thet i c  

magnes i um s i l i cate compoun d .  

General p rocedu re : 

Before �ach extr�ct ion a l l g l assware was thorough l y  washed i n  

soap ( L i q u i nox) and wate r .  The gl asswa re was then soaked i n  chrom i c  

ac i d  (Ch romomerge) , a s u l fu r i c  aci d-potass i um d i  ch roma te m i xture (p re-

ferab l y  for several hours),  f l ushed we l l  w i th d is t i l l ed wa ter, and 

thorough l y  d r i e d .  I mmed iate ly  before use al l glassware was f l ushed 

w i th a nom i n a l  quan t i ty of 80/20 (pe t .  ether/met h .  chl . )  . 

F l o r is i l  was act ivated a t  1 30 - 1 40°c for 1 2 - 1 4  hours, taken to 

a cont ro l l ed level of deact i va t ion by add i ng 5% d i s t i l l ed water to 95% 

act i vated F l or i s i l  (by wei ght) and then keep i ng the mi xture i n  an a i r  

t i gh t  con ta i ner  a t  room temperature for approximately 48 hours . Th is  

a l lowed the F lor is i l -wa ter m i xture to reach equ i l i b r i um .  I mmed i ate ly  

before use, the F lor is i l  water m i xture was sw i rl ed i n  30  - 50 m l  of 

50/50 (pe t .  .ethe r/meth . chi . )  to f l ush impu r i t i es out of the F l o r is i l . 
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I n  p reparat ion , the col umn was f i rs t  f il led approximate l y  ha l f  

way w i th 50/50 (pe t .  ethe r/meth . ch l . )  and a s l u rry of 25 grams Flor i 

s i  1 and 50/50 was poured i n. The s i de of the col umn was cons tan t l y  

tapped so the F lor i s i l wou l d  s e t t l e  compactly to the bottom. Th i rty 

to f i fty ml of 50/50 was then d rawn th rough the col umn to further r i d  

the F lor i s i l  of i mpu r i t i es .  The column was not a l l owed to go dry .  

Ten g rams of cray f i s h  t i ssue was g round w i th 25 g rams of  F l o r i s i l  

to a free f l ow i ng powder i n  a g l ass  mo rtar and pes t l e .  The 80/20 (pet . 

ether/meth . ch l . )  was added to the top of the col umn and the F l or i s i l 

crayf i sh  t i ssue m i xture was poured i n, tap p i ng the s i de of the column 

i n  the same manner as before. 

S i x  hundred ml of 80/20 (pet. ether/meth . ch i . )  was eluted th rough 

the column a t  approxima te l y  20 drops every ten seconds . The e l uant  

was col l ected d i rectly i n to the Kuderna-Dan i s h  evaporat i ve concentrator 

and then evaporated i n  a water bath at 60 - 8o0c ( i n  an exhaus t hood) 

un t i l  approxi mately 30 ml rema ined i n  the f i n ger tube . Two or  th ree 

sma l l p i eces of b roken . g l ass were used as boi l i ng ch i ps .  D ry n i trogen 

was passed d i rect ly  over the rema i n ing  e l ua n t  unt i l about 2 ml rema i ned. 

Th i s  was then transferred to a 5 ml "M i n i -v i a l "  ( d i s t r i buted by Al tech 

Assoc i ates) and the f i nger tube flushed th ree t imes wi th small quan t i -

t i es of 80/20 (pet. ether/meth . ch l . ) to remove any res i due . The samp l e  

was then taken to comp l ete dryness i n  the "Mi n i -v i a l "  wi th dry n i trogen 

and the res i due red i ssol ved i n  1 ml of nannograde benzene . The benzene 

so lut ion was i nj ected i n to a gas ch roma tograph for qual i ta t i ve-quan t i ta t i ve 

ana l ys i s .  

Because of a h i gh background l evel of impu ri t i es vari ous aspects 

of the extract ion p rocedure were exam i ned separate ly  i n  order to deter

m ine and el i m i nate the source (s )  of the i mpur i t i es. 
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Qua l i ta t i ve-quan t i ta tive ana lys i s :  

Equi pment used - Var i an Aerograph se r i es 2800 gas ch roma tograph 
equ i pped w i th an el ectron capture detector.  
Detector operat i ng temperature 200 - 2 10°C . 
Inject.or opera t i ng temperature 2 1 5  - 220°c . 
Ca r r i e r  gas (N i t rogen) p ressu re 60 (-) . 

QF- 1  col umn . L i q u i d  phase 3% QF- 1 .  So l i d  sup
port 80/ 100 mesh Ch romosorb W ,  ac i d washed and 
t reated w i th d i methy l d ich l oros i l ane . 

DC- 1 1  col umn . L i q u i d  phase 5% DC- 1 1 .  Sol i d  
support 80/100 mesh Ch romosorb W, ac i d  washed 
and treated w i th d i methy l d i ch l oros i l ane. 

Pes t i c i de s tandards - 1000 mg pes t i c i de s tandards were ob ta i ned 

f rom the Env i ronmental Protec t i on Agency, Pe r r i ne P r i mate Labora tory , 

Per r i n e ,  F l o r i d a .  The fol l ow i n g  s tanda rds were p repared us i ng nanno-

grade benzene as a solvent . 

1 .  1 ppm a l dr i n ,  1 ppm 1 i ndane ,  2 ppm pp' ODE , 2 ppm d i e l d r i n ,  
2 ppm p p '  DDT. On ly  used qua l i ta t i ve l y .  

2 .  ppm a l d r i n ,  
ppm p p '  DDT . 

ppm heptach lor ,  1 ppm heptach lor  epox i de ,  2 
Only used qua l i ta t ive ly .  

3. 1 ppm a l d r i n ,  2 ppm d i e l d r i n .  Used qual i ta t i ve l y  and quan t i 
tat ive 1 y .  

4 .  1 ppm aldr i n, 2 ppm pp ' ODE . Used qual i tat ive ly  and quan t i ta
t ive l y .  

5 .  1 ppm a l d r i n ,  1 ppm d i e l dr i n ,  1 ppm p p '  ODE . Used i n  deter
m i n i n g  percent recovery of these pes t i c i des us i n g  th i s  extrac
t i on scheme . 

Qua l i ta t ive determ i nat i ons were made by compa r i n g  retent i on t imes 

of known standa rds to retent i on t imes of unknown peaks . Con f i rmat ion  of 

the presence of the pes t i c i des was made by p repa r i ng a 91 . 7% unknown -

8 . 3% s tandard i n jec t i on (by vol ume) and compa r i ng th i s  to the pure unknown 

( F i gure 4) . 

Quan t i tat ive determ i na t i ons for ald r i n  and d i e l d r i n  were made by 

compa r i ng peak a reas of s t andards to peak a reas of unknowns . I nject ion 

vo l umes were var i ed to keep the peaks of the s tanda rds and the unknown 
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samp l es o f  s im i l a r  s i ze and correspond i ng l y  s im i l ar concentra t i on .  Th i s  

i s  necessary because the response of the detector to d i fferent concen-

t ra t i ons of pes t i c i des i s  not l i near .  The va r i a t ion i n  i n ject i on 

vo l ume was then compensated for by d i v i d i ng the quan t i ty of pes t i c i de 

res i dues i n  the unknown samp l e  ob ta i ned from the ch roma togram by 12; 

i . e . ,  the inject ion vo l ume for the mon i to r i n g  samp l es was 12 t i mes 

grea ter than that of the s tandards . Th i s  quan t ity  was then corrected 

for aga i n  by subtract i ng the correspond ing  background contam ina t ion .  

Quan t i ta t i ve determ i na t ion for pp ' DOE was made by compa r i ng peak 

hei ghts rather than the more accurate peak a rea method (except those 

samp l es s p i ked for percent recovery determ i na t ions ) . Th i s  was neces-

s a ry because the background contami nat ion tha t corresponded to p p '  

DOE d i d  not exh i b i t  i tsel f as a peak a l l the t i me but somet imes on ly  

as a p l ateau o r  l evel of contami nat ion .  As  before the background 

con tam i nat ion  was sub tracted as a correct ion .  Peak a reas that were 

overl apped were determined by u s i n g  the m i n i mum between peaks as a 

d iv i d i ng 1 ine and ut i l i z i ng  a d i sc i ntegrato r .  B race ( 1 959) made a 

s tudy of the quant i ta t ive eva l ua t i on of ove r l app i ng peaks and found 

th i s  method to show adequate agreement w i th comp l ete l y  resolved peaks 

of the same components . Nonoverlapp i ng peak a reas were det�rmined 

by exten d i n g  the s t ra ight  l i ne po rt ion of the peak to the base l i ne 

w i th subsequen t u t i l i za t i on of the d i s c  in tegrator. To determi ne 

background contam i na t ion a chem i ca l  b l ank was run after every thi rd 

unknown . A total of four b l anks was run and an average was taken . 

Quan t i t ies of pest i c i des were then corre l a ted to o r i g ina l  cray-

f i sh speci mens by the fo l l� i ng convers i on :  

Def i n i t i on of ppm used for m i x i ng s tandards = 1 0-6gm/ml o f  
so l u t ion· 
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Then 1 ppm from ch romatogram = 1 0-6gm/ml benzene 

= 1 0-6gm/ml so l vent m i xture 

= 1 0-6gm/ 1 0  gm of crayf i sh t issue. 

Redef i n ing  ppm as 10-6gm/gm of crayf ish t i ssue 

Then 1 0-6gm/ 1 0  gm of crayfish t issue 

= 0 .  1 x 1 0-6gm/gm of cray f ish t issue 

= 0 . 1  ppm i n  crayf ish t i ssue. 

Thus 1 ppm f rom chromatogram = 0 . 1  ppm in crayfish t issue . 

The Q F- 1 column was used for a l l qual i ta t i ve-quan t i ta t i ve deter-

m i n a t i ons . A DC- 1 1  co l umn was t r i ed to see i f  a better reso l u t ion on 

a l dr i n cou l d  be obt a i ned . I t  cou l d  not . The DC- 1 1  co l umn is not su i t-

a b l e  for d i el d r i n-pp 1  DOE determ i nat ions because they emerge from the 

col umn s i mu l taneous l y  and y i e l d  the same peak on the chromatogram. 

Compa r ison of pes t i c i de res i dues found i n  each season : 

The pes t i c ide res i dues found a t  each s i te were comb i ned and the 

average was taken to r�p resent the season .  Each season was then com-

pared to each other season to see i f  s i gn i f i cant d i fferences ex i s te d .  

The compa r ison s tandard used was Studen t ' s  11t11 tes t :  

t = 

s2 + s2 
1 2 
N - 1  

Where - X =Mean pes t i c i de res i due val ues for each season . 

s2= Va r i ance ( the squ�re of the avg . dev i a t ion from the mean) . 

N = Number of ana l yses represented by the mean . 
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Compa r i son of pes t i c i de res i dues found at each s i te: 

The pes t i c i de res i dues found i n  each season. were comb ined and 

the average was taken to represen t the par t i c u l a r  s i te .  Each s i te 

was then compared to each othe r s i te to see i f  s i gn i f i cant d i fferences 

ex is ted. The compar i son s tandard used was Studen t ' s  1 1 t1 1  tes t as spec i 

f i ed i n  the p receding sec t i on .  

Percent recovery of pes t i c i des: 

Three samp l es were used (the three samp l es from ear ly  summer) . 

Each samp l e  was s p i ked w i th ppm a l d r i n ,  1 ppm d i e l d r i n ,  and 1 ppm 

p p '  ODE . When the quan t i ty of one of these pes t i c i des found i n  the 

unsp i ked samp l e  of the same t i ssue was subtracted from i t s  sp i ked 

coun terpart the d i fference was taken as the percent recovery of th i s  

pes t i c i de be ing  ach i eved i n  the extract ion ;  i . e . ,  a d i fference of 1 

ppm a l d r i n  wou l d  i nd i ca te 1 00% recovery of a l dr i n  and a d i fference 

of 0 .9 ppm a l d r i n  wou l d  i n d i cate 90% recovery (Tab l e  S) . Mon i tor ing  

sampl es were not corrected for percent recovery. 

Wa ter qua 1 i ty : 

Severa l parameters of water qua l i ty a l ong w i t h  re l at ive  water 

l eve ls  in the creek were checked pe r i o d i ca l l y  dur i n g  the summer (Tab l es 

10A and 1 08) . 

Turb i d i ty ,  ppm n i trate,  ppm phosphate (ortho) , and conduc t iv ity 

we re measured w i th a d i rect rea d i n g ,  porta b l e ,  co l or i meter supp l i ed 

by the Hach Chemica l Company . pH was measured w i th a Sargent-We l ch 

pH meter. D i ssolved oxygen and f ive-day B . O . D .  v a l ues were determined 

by W i nk l e r  ana l y s i s  (We l ch ,  1 948) . F ive-day B . O . D .  samp l es were i ncu

bated i n  the dark at 20° c .  A l l  water samp l es were taken i n  re l a t ive ly  
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deep and re l a t ive ly  s l ow-mov i ng water away from r i ff l e  a reas . Tem

perature was measured w i t h  a mercury thermometer and re l a t i ve water 

l eve l s were determ i ned by p a i n t i n g  marks on b r i dge founda t ions a t  

s i tes 1 and 3 .  

Check of var i ous components of extra c t i on scheme for source ( s )  of 

contam i nat ion :  

Al l sampl es, except the d i s t i l l ed water sampl es, were taken to 

d ryness i n  the Kuderna-Dan i sh evapora t ive concentra tor fol l owed by 

exposure to a d i rect f l ow of d ry n i t rogen . The d i s t i l l ed wa te r samp l es 

were a l l owed to evaporate i n  an exhaus t hood before bei n g  exposed to 

n i trogen . The Q F - 1  col umn was used for a l l anal yses . 

1 .  Teflon s topcock - A teflon s topcock used i n  several extrac

t ions was soaked in approx i mate ly  75 ml of 80/20 (pe t .  ether/ 

meth. chi . )  for about 20 hou r s .  The solvent was taken to 

dryness, red i ssol ved i n  0 . 5  ml nannograde benzene, and the 

benzene so l u t ion was i njected i nto  the gas ch romatograph 

(F i gu re 6). 

2 .  F lor i s i l  - A F l o r i s  i i  col umn was prepared as usual except 

that a teflon stopcock was not used and no c rayf i s h  t i ssue 

was used. Threef-undred ml of 80/20 (pet . ether/meth . chi . ) 

was passed th rough the co l umn a t  appro� imate l y  20 drops every 

ten seconds . A head of so l vent was not ma i n ta i ned over the 

col umn because i t  cou l d  not be ma i n ta i ned w i thout the s top

cock a t  the bottom of the col umn . The e l uant  was taken to 

d ryness ,  red i ssol ved i n  0 . 5  ml  of nannograde benzene, and  

then injected i n to the gas ch romatograph ( F i gu re 7 )  .. 
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3 .  F i be r  glass (used as a p l ug to rep l ace fr i t ted p l a te i n  the 

e l u t i on column) - An egg s i zed wad of f i ber  g l ass was soaked 

i n  approx imate l y  75 ml of 80/20 (pet. ether/meth. ch l . )  for 

about four days . The so l vent  was taken to d ryness, red is

sol ved i n  0 . 5  m l  of nannograde benzene, and  then i njected 

i nto the gas ch romatograph ( F i gure 8) . 

4 .  G l ass wool (used i nstead of f iber  g l ass to rep l ace the fr i t ted 

p l ate i n  the e l ut ion  column) - An egg s i zed wad of g l ass wool 

was soaked i n  approx imate l y  75 ml of 80/20 (pet . ether/meth . 

ch l . )  fo r about four days . The so l vent was taken to dryness , 

redissolved i n  1 . 0 ml of nannograde benzene, and i njected i n to 

the gas ch romatograph . For purposes o f  compa r i ng th is to the 

f i ber  g l ass the i nject i on vol ume of th is  sampl e.was twi ce as 

l a rge as for the f i be r  g l ass thus compensa t i n g  for the d i fferent 

vol umes of benzene; i . e . ,  0 . 5  ml  for the f i be r  gl ass and 1 . 0 

ml  for the g l ass wool (F i gure 9) . 

5 .  G l assware f l ush i ngs - C l ean g l assware tha t had been used for 

many extract i ons was f l ushed w i th 200 - 250 ml of 80/20 {pe t .  

ether/meth. chl . )  . The f l ush i n gs were taken to dryness, red i s 

so l ved i n  0. 5 m l  nannograde benzene, and then i njected i nto 

the gas chromatograph (F i gure 10 ) . 

6. 80/20 (pe t .  ether/meth . chl . )  - Th ree hundred ml  of 80/20 was 

taken to d ryness, redissol ved i n  0 . 5  ml nannograde benzene, 

and the benzene so l ut ion was i njected i nto the gas ch roma to

graph ( F i gure 1 1 ) .  

]. D ist i l  l ed wa ter stored i n  a p l as t i c  (Na l gene) ca rboy - An 

ac i d  jar  that was used to p repare the ch rom i c  a c i d  g l ass 
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c l ean i n g  solut i on was fl ushed wi th d i s t i l l ed water and then 

f l ushed w i t h  a moderate amount of 80/20 · (pe t .  ether/meth . 

ch l . ) .  The j a r  was f i l l ed w i t h  app rox ima t e l y  2 .2 l i ters of 

d i s t i l l ed water and 1 00 m l  of 80/20 was adde d .  The j a r  was 

shaken v i gorou s l y  for one hou r .  Approx i ma t e l y  75 ml of 80/20 

was recovered . Th i s  was .m i xed i n  a beaker w i th a nom i na l  

amoun t of anhydrous sod i um su l fa te, taken to dryness , red i s 

solved i n  0 . 5  ml nannograde benzene and then i n j ected i n to 

the gas ch roma tograph ( F i gure 12A ) . 

8 .  D i s  t i  1 l ed water co l l ected d i rect ly  from the s t i  1 1  (not s tored 

i n  a p l a s t i c  carboy) - The samp l e  was p repared and anal yzed 

i n  the same manner as  the p reced i n g  d i s t i l l ed water sample 

( F i gure 128) . 

9 .  D i s t i l l ed water co l l ected d i rect l y  from the st i l l  and KMno4 

(potass i um per manganate) i n  the boi l i ng pot . Al 1 non-g l ass 

components that cou l d  be removed from the s t i l l  wer.e removed . 

The samp l e  was prepared and analyzed i n  the same manner as  

the preced i n g  two d i s t i l l ed water samp l es (except no anhydrous 

so.d i  um su 1 fate was used ) . The purpose o f  the KHn04 i s  to 

ox i d i ze any o rga n i c  mo l ecul es that may be p resent in the 

water before d i st i l l a t i on ( F i gu re 1 2C ) . 

Check of other pos s i ble sources of contam inat ion : 

1 .  Nannograde benzene stored i n  a plas t i c  (Na lgene) squ ir t  bot t l e  

and used for clean i n g  the i njec t i on syr i nge - the benzene was 

injected "as i s 1 1  i n to the gas chromatograph ( F i gure 1 3A) . 

2 .  Nan nograde benzene s tored i n  a 1 1M i n i -v i a l 1 1  - The benzene was 

i njected "as i s" i n to the gas chromatograph (F i gure 1 38) . 
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3.  80/20 (pe t .  ether/me th . ch l . )  s tored i n  a 11M i n i -v i a l 11 - The 

80/20 was injected 11as i s11 i n to the gas chroma tograph (F i gure 14). 

Chem ica l  b l anks : 

A l l the g l assware was used and al l the s teps were performed as 

i n  a regu l ar extract ion except that no crayfi sh t i ssue was used. Four 

chem ica l  b l anks were run as a part of the rroni tor i ng sequence of extrac

t ions (Tab l e  6) . There was a l so a chem i ca l  b l ank run before any efforts 

were made to correct contam inat ion sources ( F i gure SA) and another was 

run a fter contami na t i on correct i on a ttempts were made ( F i gure SB). 

Condens i ng and re-us ing so l ven t s :  

The 80/20 (pe t .  ether/meth . ch l . )  was collected and condensed 

as i t  left the Kuderna-Dan i sh evaporat i ve concen tra tor .  S i x  hundred 

ml of the condensate was then taken to dryness a g a i n  v i a  the Kuderna

Dan i sh  concentrator fo l l owed by a s t ream of dry n i trogen . The res i due 

was red i ssol ved in 1 . 0 ml of riannograde benzene and th i s  was then 

i njected into  the gas chromatograph . The pu rpose was to see i f  the 

sol vent m i xture wou l d  be free of carr i ed over pes t i c i des and thus s u i t

able for re�use ( F i g ure lS). 
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RES UL TS 

The presence of a l d r i n ,  d i e l d r i n ,  and p p '  DOE were con f i rmed 

by corrpa r i ng the ch romatogram of an unknown samp l e  to the ch roma togram 

of the same samp 1 e after i t  has been. s p i ked w i th these same pes t i c i de s .  

I f  sp i k ing  p roduces a n  i ncrease i n  the s i ze o f  a part i cu l a r  peak th i s  

con f i rms tha t  th i s  represents the pes t i c ide  i n  ques t ion (F i gure 4-A, 

B ,  and C) . 

Heptach l o r  epoxide was i den t i f i ed i n  some samples a l ong w i th 

peaks that corresponded to e i ther hep tach lor or 1 i ndane .  No p p '  D DT  

was found . There was a l a rge i ncons i s tent peak w i th approx i ma t e l y  

1 2  t imes the retention t ime o f  a l d r i n  tha t  was often obse rved . Th i s  

was never i den t i f i ed and i ts source cou l d  not be ascertai ned . 

A chemi ca l b l ank was run to determ i ne background l eve l s  of con

tam inat ion (F i gure SA) . Several aspects of the extra c t i on scheme and 

associa ted factors were then anal yzed sepa ra tely ( F i gures 6 � 1 4 )  to 

see i f  the sources o f  contaminat ion cou l d  be i so l a ted. After a l l  con

trol l ab l e  sources o f  con tami nat ion were e l im i nated anothe r chemi ca l  

b l ank  was run to  compa re to  the orig i na l  ( F i gure.SB) . There was a 

worthwh i l e  reduct i on i n  background contam i n a t i o n .  

F i gure l S  i l l us t ra tes the feas i b i l i ty o f  re-us i ng  the ext ract ion 

sol ven t m i xture . The condensed vapors of used so l vent m i xtures are 

free of ca r r i ed over pes t i c ide res idues . · Fi gure 16 i s  used to i l l us 

trate the type o f  chromatogram obta ined from a m i xture o f  pes t i c ide 

s tanda rds . 
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Ten gram port i ons  of homogen i zed crayf i s h  samp les  were ana l yzed 

for fa t conten t (Tab l e  4). The average va l ue for. four samp l es tes ted 

was 0 . 203  ± .  0 . 084 gm . Th i s  i s  we l l  w i th i n the one gram 1 im i tat i on for 

fat content imposed by the use of the one s tep ext ra c t ion scheme. 

Percent recove r i es were obt a i ned for a l d r i n ,  d i e l d r i n ,  and p p '  

DOE on th ree d i fferent samp l es (Tab l e  5) . Recover i es o f  over 100% 

were ob ta i ned for d i e l d r i n  and pp '  ODE wh i ch p l aces some doubt on 

the accuracy of the tot a l  ana l y t i ca l °  scheme . The percent recover ies  

a re fa i r l y  con s i s tent and  are thus I n d i ca t i ve that  res u l ts obta i ned 

a re fa i r l y  repeata b l e .  Th i s  in turn wou l d  i n d i ca te that the re l a t ive 

quan t i t i es of pes t i c i de res i dues found a re rel i ab l e .  

Four chem i ca l  b lanks were run dur i ng  the mon i tor i ng  s e r i es of 

anal yses (Tab l e  6). These val ues were sub t racted from the pes t i c i de 

res i due va l ues found i n  the unknown samp l es to correct fo r background 

con taminat i on .  

Pes t i c i de res idue l eve l s  were ca l cu l a ted for three col l ect ion  

s i tes for ( 1 )  ear ly  spr ing ,  (2)  ea rly summer ,  and  (3 )  l a te sunmer and 

are l i s ted i n  Tab l es 7, 8, and 9 .  

S tudent ' s  ' ' t" tes t was used a s  a s tandard to determ i n e  i f  s i gn i f

i cant  d i fferences i n  ·pes t i c i de residue l eve l s  were found wi th respect 

to t i me (ear l y  spr i ng ,  ea r l y  summer ,  and l a te summer) or l oca t i on ( s i tes 

1 ,  2, and 3 ) . No s i gn i f icant d i fferences were i nd i ca ted for pes t i c i de 

res idue l eve l s  wi t h  respect to e i ther t i me or l ocat i on (P)0 .05)  . ·  

Tab les  1 0A and 1 08 g i ve water qua l i ty and wa ter l evel data  taken 

per i od i ca l l y  dur i ng the mon i tor ing  i n terva l . No d ra s t i c  changes i n  the 

aquat i c  env i ronment a re evi denced. Gene ral changes o r  trends that seem 

expl a i nab l e  c�n be observed; i . e . ,  the i ncrease i n  n i trate l evels that 

occurs du r i ng Ap r i l ,  May, and June coul d be a t t r i bu ted to l oca l agr i cul -



FIGURE 4 .  Ver i f i cat ion of the p resence of pes t i c i des i n  a crayf i sh  t i ssue samp l e  

f rom Pol ecat Creek, Co l es County, 1 1 1 i no i s  (s i te 3 ,  ear ly summer) anal yzed 

by e lectron capture gas chromatography. The samp l e  i s  s p i ked w i th pes t i c i des 

and the presence of �hese pes t i c i des i s  con f i rmed by an increase i n  peak 

a rea and he i ght  of an ex i s t i n g  pea k .  

A .  P l a i n  samp l e .  

B .  Samp l e  s p i ked w i th a l d r i n  (1) p l us d i e l d r i n  (3 ) . 

c .  Samp l e  s p i ked w i th a l dr i n  (1) p l us pp1 DOE (2) . 
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F I GURE S .  E l ec tron cap ture gas ch romatograms of chem ica l  b l anks 

( i . e . ,  normal pes t i c ide extractions m i nus the crayf i sh  

t i s s ue) to i l l us t ra te background contam i nat i on .  The 

numbers 1 ,  2 ,  and 3 dema rk the respect i ve reten t ion  

t imes of a l d r i n ,  pp1 ODE , ·and d i eldr i n .  

A .  In i t i a l  b l an k .  

B .  B l ank a fte r a l l control !ab l e  sources of 

contami na t ion  were e l i mi na ted . 
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FIGURE 6 .  E l ectron capture gas chromatogram o f  res i dues obta i ned 

by soaking the teflon s topcock from the e l ut i on column 

used in the pes t i c i de extra c t i on in the sol vent m i xture 

used i n  the extract ion .  The numbers 1 ,  2 ,  and 3 repre

sent the respec t i ve reten t i on t i mes of a l dr i n ,  pp ' DOE , 

and d i e l d r i n .  

F I GURE 7 .  E l ectron capture gas chroma togram of res i dues obta ined 

by pass ing the ext racting sol vent m i xture through a 

norma l l y  packed col umn m inus the cray f i s h  t i ss ue and 

minus the tef l on s topcock. The purpose was to see i f  

the f lor i s i l  i s  a source of con tam ina t i on . The numbers 

1 ,  2 ,  and 3 represent the respect i ve reten t i on t i me of 

a l d r i n ,  pp ' DOE , and d i e l d r i n .  
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F IGURE 8 .  E l ect ron capture gas ch romatogram of res i dues ob ta i ned 

by soa k i ng f i ber g l ass i n  the extract ion so l vent mixture.  

The fi ber g l ass was used to p l ug the bot tom of the pes t i 

c ide ext ra c t i on col umn. 

F IGURE 9 .  E l ectron capture gas ch romatogram of res idues ob ta i ned 

by soak ing  g l ass wool (ange l ha i r) i n  the extrac t i on 

so l ven t m i xture. The g lass  wool was used i n  p l ace of 

f i ber  g l ass to p l ug the bottom of the pes t i c ide extrac

t i on co l umn . 
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FI GURE 1 0 .  Electron cap ture gas ch roma togram of res i dues obtained 

from the extract ion solvent mi xture �fte r i t  had been 

used to fl ush the c l eaned extract ion g l as sware jus t p r i o r  

to use i n  an extrac t i on . The numbers 1 ,  2 ,  and 3 repre

sent the respect i ve reten t i on t i mes  of ald r i n , pp '  ODE , 

and d i e l d r i n .  

FI GURE 1 1 .  E l ectron cap ture gas ch romatogram o f  res i dues obta i ned 

from the so l ven t m i xture i tsel f .  
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F I GURE 1 2 .  Electron capture gas chromatograms of res idues obta i ned 

from the d i s t i l l ed water used to f l ush the extract ion 

g l assware a fter i t  has been ac id  cl eaned . The numbers 

1 ,  2 ,  and 3 represent the respec t i ve retent i on t i mes of 

a l d r i n ,  p p '  DOE , and d i e l dr i n .  

A. Di s ti l l ed water that  has been s tored i n  a 

p l a stic ca rboy p r i o r  to use . 

B . . D i s t i l l ed wa ter co l lec ted stra i ght  from the 

s t i l  1 .  Not s tored i n  a p l a s t i c  carboy . 

C .  D i s t i l l ed wa ter co l l ected s t ra i gh t  from the 

s ti l l  w i th potass i um permanganate added to 

the boi l i ng pot to oxid i ze any organic mole

c u l es p resen t i n  the water p r i o r  to d i s t i l l a

t ion . Not s tored i n  a p l as tic ca rboy . 
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F I GURE 1 3 .  · E l ect ron capture gas ch romatograms of res i dues obta i ned 

from nannograde benzene. 

A. Benzene s tored i n  a p l a s t i c  squ i rt bot t l e  

and used for c l ean i ng the gas chromatograph 

i nject ion syr i nge .  

B .  Benzene s tored i n  a "Mi n i -v i a l "  to s i mu l ate 

the s torage of a samp l e  between the t i me of 

extract ion  and the t i me of ana l ys i s .  

F I GURE 1 4 .  E l ectron capture gas chromatogram of the extract i on 

sol vent m i xture s to red . i n  a 11Mi n i -v i a l11 to s imul a te 

the p resence of the sol vent mixture i n  the "Mi n i -v i a l "  

just p r ior  to f i n a l  d ryness o f  the extrac t i on e l uant  

and  the consequent p resence of any so l ven t m i xture 
� 

res i dues i n  the "Mi n i -v i a l "  after be i n g  red i sso lved 

i n  benzene . 
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FIGURE 16. E l ectron capture gas chromato

gram of a s tandard m i xture of  

f i ve pes t i c i des . ( 1) l ppm 

l i ndane . (2) 1 ppm a l dr i n .  

(3) 2 ppm pp ' ODE . (4) 2 ppm 

d i e l d r i n .  (5) 2 ppm pp ' DDT. 

F I GURE 1 5 .  E l ectron capture gas ch romato-

gram of res i dues obta ined from 

the condensed extract ion so l v·ent 

m i xture after i t  had a l ready been 

used i n  an  extract ion .  The pur

pose is to see i f  the sol vent 

m ixture i s  free of ca r r i ed over 

pes t i c i des accrued dur ing  the 

d ry ing  opera t i on us ing  the Kuderna

Dan i sh evaporat ive concen trator and 

thus s u i tab le  for re-use. 



33 

N 

" '  



Season 

Ear ly  s p r i ng 
(March 20,  1972) 

Ear ly  summer 
(June 4 , 6 , 1 9  72) 

late s ummer 
(August 1 2 ,  1972 )  

TABLE 1 .  C rayf i sh col l ected at  s i te 1 ,  Po l eca t C reek, Co l es Coun ty , 1 1 1  i no i s .  

Number 
of 

spe c imens 

5 

5 

1 1  

Total wet 
we i ght of 
compos i te 

samp l e  (gm) 

76 , 7  

95 . 0  

52 . 2  

Wet weight  
of 

spec i mens (gm) 

l i ghtest - 1 3 .0 
Heav iest  - 1 8 . 3  
Avg. wt . - 1 5 . 3  

l i gh test  - 9 . 4  
Heaviest - 3 5 . 0  
Avg. w t .  - 1 9 . 0  

L i ghtes t - 3 .8** 
Heav iest  - 6 . 9  
Avg. wt . - 4 . 7  

I dent i f  i cat ion 
of 

spec i mens* 

1 ma le - Procambarus b l and i ngi ( G I  rard) 
4 fema l es - un i den t i f ied  

2 males 
2 ma 1 es 
1 fema 1 e 

2 ma les 
2 ma 1 es 

- Orconectes immu n l s  (Hagen) 
- 0 rconec tes 
- un i dent ified 

- O rconectes obscurus 
- Orconectes rust i cus 

4 fema l es - Orconectes 
2 ma les - P rocamba rus 
1 fema 1 e - P rocamba rus 

*Genus i dent i f i cat ions are pos i t ive ,  spec ies i den t i f i ca t i ons a re uncerta i n .  On ly  l s �  form ma l es can be pos i t i ve ly  
i dent i f ied .  Thus i den t i f i cat ion of fema l es i s  based on  general overal 1 appea rance . 

**These spec i mens were not a l l  we ighed i n d i v i dual l y .  Spec i mens were se lected by eye that appeared to represent the w 
l i gh tes t and the hea v i es t  spec i mens . .i:-



TABLE 2 .  Cray f i s h  co l l ected a t  s i te 2 ,  Polecat Creek, Col es County ,  I l l i noi s .  

Season 

E a r l y  s p r i ng 
(March 1 7 ,  1 9 72) 

Ea r 1 y summer 
(June 9 ,  1 0 ,  1 1 ,  1 972) 

late summer 
(August 1 2 ,  1972) 

Number 
of 

spe c i mens 

5 

1 4  

23 

Total wet 
we ight  of 
compos i te 

samp l e  (gm) 

54 . 0  

189 . 4  

183 . 9  

Wet we i gh t  
of 

spec imens (gm) 

Li gh tes t - 8 .  8 
Heav iest  - 1 4 .o 
Avg . w t .  - 1 0 .8 

l i gh tes t - 4 . 7  
Heav iest  - 4 3 . 4  
Avg. wt . - 1 3 . 5  

l i ghtest - 5 . 3** 
Heav iest  - 1 2 . 7  
Avg. wt . - 8 . 0  

5 ma l es 

2 mal es 
1 ma l e  
7 ma l es 

I den t i f i ca t i on 
of 

spec i mens* 

- Orconectes rus t i cus or p rop inquus 

- Orconectes v i r i l  i s  or obscu rus 
- Orconectes p rop i nquus 
- O rconectes 

3 fema l es - Orconectes 
1 fema l e  - Camba rus 

3 ma l es - � rconectes obscurus 
1 3  ma l es - Orconectes propinquus 
7 fema l es - O rconectes 

*Genus i den t i f i cat ions are pos i t i ve ,  spec ies i dent i f i cat ions a re uncerta i n .  On l y  1 s t  form ma les can be pos i t i ve l y  
i dent i f i e d .  Thus i dent i f i ca t ion of fema l es i s  based on general overa l l appearance. 

**These spec i mens were not al 1 we i ghed i n d i v i dua l ly .  Spec i mens were sel ected by eye that appeared to represent thew 
l i ghtest and the heav ies t spec imens . V'1 



TABLE 3 .  Cray f i s h  co l l ected at s i te 3 ,  Pol ecat C reek, Col es County, I l l i noi s .  

Season 

Ear ly  spr i ng  
(March 20,  1972) 

Ear ly  summer 
(June 9 ,  1 0 ,  1 1 ,  1972) 

Late summe r 
(August 1 1 ,  1972) 

Number 
of 

speci mens 

7 

1 0  

1 7  

Total wet 
we i gh t  of 
compos i te 

samp l e  (gm) 

77 . 6  

1 2  7 .  1 

1 1 1 . 2 

Wet we i gh t  
of 

spec imens ( gm) 

Li gh tes t - 5 .  9 
H ea v i  es t - 1 5 . 0 
Avg. wt . - 1 1 . 1 

Li gh tes t - 7 .  2 
Heav i es t  - 4 1 . 1 
Avg . wt . - 1 2 . 7  

l i gh te s t  - 4 . 8** 
Heav ies t - 1 1  • 1 
Avg. w t .  - 6 . 5  

7 ma l es 

1 ma l e  
ma J es 
ma l es 

l dent i  f icat ion 
of 

s pe c i mens* 

- Orconectes rus t i c us or .  propinquus 

- O rconectes obscurus (Hagen) 
- Orconectes v i r r l r s  (Hagen) · 
- 0 rconec tes 

2 
2 
5 fema l es - Orconectes 

2 ma l es - Orconectes prop i nquus 
2 males - Orconectes rus t i cus 
1 ma le  - Orconectes v i r i l i s  
1 ma l e  - Orconectes 

1 1  fema l es - Orconectes 

*Genus i den t i f i ca t i ons are pos i t i ve ,  spec i es i den t i fi ca t ions are uncerta i n .  Only 1 s t  form mal es can be pos i t i ve l y  
i den t i f ied .  Thus i dent i f i ca t i on of fema l es i s  based on general overa l l appearance . w 

**These spec i mens were not a l  1 we i ghed i nd i v i dua l l y .  Speci mens were se lected by eye that appeared to represent the <1' 

l i ghtest and the hea v i es t  spec i mens.  



TABLE 4 .  Fat content of 10 gram po rt ions o f  homogen i zed cray f ish  
samp l es anal yzed by  mod i f i ca t ion of a method des c r i bed 
by M i  l 1 s ( 19 59) . 

37 

Samp l e  O r i g i n  Fat (gm) Fat (w/o) 

S i te 2 ,  Ear ly  summer 0 .233 2 . 33 

S i te 2 ,  Late summer 0 .  1 1 9 1 .  1 9  

S i te 2 ,  Late summer 0 . 2 43 2 . 43 

S i te 1 ' Late sunmer 0 . 2 1 8  2 .  1 8  

TABLE 5 .  Percent recove r i es of a l dr i n ,  d i e l d r i n ,  and pp ' DOE from 
homogen i zed cray f i sh s amp l es us i ng a one s tep extract ion 
and c l ean-up p rocedure of Lan g l o i s ,  S temp , and L i ska ( 1 964) . 

Samp l e  from Samp 1 e from Samp l e  from 
s i te 1 ,  s i te 2 ,  s i te 3 ,  

I nsect i c i de Ear ly  surrmer Ear ly  s ummer Ea r l y s umme r 

A l d r i n  86% 75% 83% 

D i e l d r i n  1 54% 124% 1 39% 

pp ' DOE 1 39% 1 1 6% 1 34% 

TABLE 6 .  Pes t i c i de res i due leve l s  found i n  chemica l  b l anks tha t  
were run per iod i ca l ly d u r i n g  the mon i tor i ng ser ies  of 
ext ract ions (N-4) . Leve l s  have been conve rted to the i r  
equ i va l en ts i n  cray f i sh t i ssue .  

I nsec t i c i de 

A l d ri n 

D i e l d r i n  

p p  I DOE 

Mean (ppm) 

0 . 00474 

0 . 0 1 26 

0 . 00559* 

Range 

0 .  002.94 

0 . 0 1 42 

0 . 00551  

S tandard dev i a t i on 

0 . 00 1 34 

0 . 00637 

0 . 00294 

*On l y  three b l anks were used in th i s  ave rage . The chromatogram of 
the fourth ·appeared erroneous and was not counted . 
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TABLE 7 .  A l d r i n  l eve l s  (ppm) i n  homogenate samp l es of cray f i s h  
co l lected from Pol ecat Creek, Co l es County, I l l i noi s .  

Co l l ect ion  per i od 

Ear ly  spr i ng  0 . 00 1 93 

Ea r 1 y summe r 0 . 00 150 

Late summer 0 . 00453 

Col lect ion s i tes 

2 

0 . 00335 

0 .00375 

0 .00 165  

3 

0 . 00 1 73 

0 . 00077 

0 . 00208 

TABLE 8 .  D i e l d r i n  l eve l s  (ppm) i n  homogena te samp l es of crayf ish  
col lected from Pol ecat Creek, Coles Coun ty,  I 1 1  i no i s . 

Co l l ect i on period 

Ear ly  spr i ng  

Ear ly  summer 

Late summer 

0 . 0 1 28 

0 . 0063 

0 . 0 1 68 

Co 1 1  e ct i on s i t es 

2 

0 . 0 1 32 

0 . 0235 

0 . 0 1 29 

3 

0 . 0 1 08 

0 . 0 1 00 

0 .0090 

TABLE 9 .  pp ' ODE leve l s  ( ppm) i n  liomogenate samp l es of cray f i sh 
co l l ected from Pol ecat C reek, Co l es County, I l l i no i s .  

Col l ect ion per iod 

Ear ly  spr i ng  

Ear ly  summer 

Late summer 

0 . 00434 

0 . 00234 

0 . 0 1 1 7  

Co 1 1  ec t i  on s i te s 

2 

0 . 00340 

0 . 00581 

0 .00781 

3 

0 .00386 

0 . 00301  

0 . 00701 



TABLE lOA. · Water qual i ty parameters and rel a t i ve water l evel data taken a t  three crayf ish  co l l ect ion s i tes 
on Polecat C reek, Coles County , I l l i no i s .  

Pa rameters measured and 
re l a t i ve water l evel 

pH 

Tu rb i d i ty ( JTU) 

0 .0 .  (ppm) 

B .O . D. (5 day , ppm) 

N03 (ppm, i nc l udes N02 ) 

P04 (ortho- ,  ppm) 

Conduct i v i ty 

Tempe ra tu re (0c) 

Re l a t i ve water l eve l ** 

s i te 1 

8 .  1 

1 0  

25 .9 

-

39 . 6  

0 . 03 

2 1 0  

1 5 . 0  

-

3-25-72 

s i te 2 s i te 3 

8 . 2  8 .  1 

2 8  1 1  

1 8 .0 1 5 . 6  

- -

30 . 8  3 5 .  2 

0 . 00 0 . 05 

220 230 

1 1 . 5 1 0 . 5  

- + 3 

*These B .O . D . rea d i ngs taken after 6 days . 
**Based on a re l a t i ve water l evel of 1 101 1 on 8- 10-72. 

s i te 1 

6 . 7  

0 

1 3 . 7 

1 . 6* 

68 .2  

0 . 06 

230 

1 2 . 5  

+ 1 2  

4-8-72 

s i te 2 s i te 3 

6 . 9  6 . 8  

7 2 1  

1 1 .  8 1 1 . 9 

2 . 7* 3 .  1 * 

4 1 . 8  39 . 6  

0 . 06 0 . 05 

220 225 

1 0 . 5  9 . 2  

- + 1 2  

s i te 1 

8 . 3  

1 7  

1 3 .  1 

77 . 0  

0 .05 

260 

22 .0  

+ 10  

5-5-72 

s i te 2 s i te 3 

8 . 2  8 . 2  

2 1  32 

1 0  .9 9 . 4  

46 . 2  55. 0 

0 . 08 0 . 05 

250 240 

2 1 . 0 20 . 0  

- + 1 0  

\JJ 
\.D' 



TABLE 108.  Water qua l i ty parameters and rel a t i ve water l evel data taken at  three cray f i sh co l lect ion s i tes 
on Po l ecat Creek, Col es County , I l l i noi s .  

Parameters measured and 
re l at i ve water l evel 

pH 

Tu rb i d i t y ( J TU) 

D . O .  (ppm) 

B .  0 .  D .  ( 5 day, ppm) 

N03 (ppm, inc l udes N02) 

P04 (ortho- ,  ppm) 

Conduct i v i ty 

Temperature (0c) 

Re l at i ve water l eve l *  

s i te 

8 . 2  

2 

1 6 . 5  

1 . 5 

6 3 . 8  

0 . 03 

280 

24 . 0  

+ 1 4  

6-7-72 

s i te 2 s i te 3 

8 . 3  7 , 8  

7 1 0  

8 . 7  8 . 3  

0 . 8  1 . 0 

50 . 6  1 9 . 8  

0 .  1 3  0 . 02 

290 290 

23 . 0  24 .0  

- + 6 

*Based on a re l a t i ve water l evel of  1 10 1 1  on 8 - 10-72 . 

7-20-72 

s i te 1 s i te 2 s i te 3 

8 . 2  8 . 7  8 . 6  

43 20 9 

6 .4 9 . 2  9 . 5  

- - -

2 6 . 4  26 . 4  1 7 . 6  

0 . 65 0 . 22 0 .  1 4  

280 270 260 

3 2 . 0  30 . 0  28 . 8  

+ 4 - + 2 + 

8-10-7? 

s i te J s i te 2 s i te 3 

8 . 3  8 . 6  8 . S  

47 22 1 4  

7 .  1 9 . 6  1 0 . 2  

5 . 3  1 . 0 1 .  1 

26.4  1 7 . 6  26 . 4  

0 . 1 3  0 .  1 8  0 .  1 5  

250 255 300 

22 .2  22 . 8  2 1 .  8 

2 - 0 

..r:-
0 



4 1  

D I SCUSS I ON AND CONCLUS I ONS 

The background con tami na t i on tha t  occurred dur ing  the ext ract ions 

was in the nannogram range ( 10-9) (Ta b l e  6). I f  the pes t i c i de res i due 

level s found were in the m i c rogram range (10-6) th i s  background l evel 

wou l d  be i n s i g n i f i cant .  The pes t i c i de res i due l eve l s  found i n  the 

crayf i sh t i ssue a re a l so i n  the nannogram range thus ma k i n g  background 

contaminat ion a cruc i a l  factor to eva l uate and contro l . Var i ous aspects 

of the ext ract ion scheme and assoc iated s teps were ana lyzed i n  an effort 

to determ ine  the source (s)  of the con tam i n a t i on .  

The e l u t i on columns used here for ext ract ions were or i g i na l l y  

equ i pped w i th tef l on s topcocks wh i ch were never a c i d  c l eaned but were 

washed w i th soap and water and f l ushed w i th so l vent m ixture a fter be ing  

p l aced on the co l umn . One of the s topcocks was soaked i n  extract ion  

sol vent m ixture and the m ixture was ana l yzed for pes t i c i de res i dues . 

F i gure 6 demonstrates that th i s  was a source of contam i n a t i on espec i a l l y  

w i th respect to d ie l d r i n  res i dues .  I t  i s  pos s i b l e  that more thorough 

soak ing  w i th sol vents before use cou l d  have el im ina ted th i s  as a con

tami nat i on source but  to el i m i na te the va r i a b l e  the teflon stopcocks 

were rep l a ced by gl ass s topcocks that coul d be a c i d  c l eaned. Bevenue 

!!.. !.!.· (197 1a) soaked a tefl on s topcock overn i ght in hexane and a fter 

concen t ra t ion and gas ch romatograph i c  ana l ys i s  conc l uded that the 

tef l on was not who l ly inert  and d i d  conta i n  hexane-so lub le  con tam i nan ts 

(apparen t l y  i n  the 0 . 1  nannogram range) that were sens i t i ve to an e l ec

t ron capture detector .  
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I n  order to eva l uate F lor i s i l  as a con tam i n a t i on sou rce extrac

t i on s o l ven t m i xture was passed th rough a norma l l y  packed co l umn m i nus 

crayf i sh  t i �sue and m i nus the tef lon s topcock . The ch romatogram shown 

i n  F i gure 7 i nd i cates that the F lor i s i l  i s  i ndeed a poten t i a l  source 

o f  contam inat ion .  I t  shou l d  be kept i n  mi nd that some of the extrac

t ion g l asswa re i s  a l so used in an eva l ua t ion such as th i s  and the g l ass

ware i tse l f  m ight  be  the source o r  co-source of  the contam inat ion .  

Radomsk� and Rey ( 1970)  ment i oned constant p rob lems w i th con tam i na t i on 

p r i mar i ly assoc iated wi th the F lor i s i l  adso rp t ion col umn when they were 

a t temp t i ng to ana l y ze pest i c i des i n  human and a n i mal  t i ssue by gas 

chromatography-. Zwe i g  ( 1 967) s ta tes that  a chem i ca l  b l ank from an 

extract i on scheme w i l l  often con t r i bu te a ser ies  of peaks on a gas 

ch roma togram and further states that s tud i es have i nd i cated that a 

cl eanup col umn conta i n ing  F lor i s i l  and sod i um s u l fate i s  a l i ke l y  

source for th i s  contami nat ion . To m i n im i ze the pos s i b i l i ty o f  con

tami nants be ing  i n t roduced by the F lor i s i  l i t  shou l d  be fl ushed before 

use wi th a nom i na l  amount  of extract ion  so l ven t m i xture (app rox . 50 ml 

per 25 gm of F l or i s i l )  and the sol vent m i xture d i s ca rded.  As a further 

p reven t i ve the bot tom hal f of the co l umn (pure F lor i s i l )  shou l d  a ga i n  

be f l ushed by runn ing· approx imate l y . 50 m l  o f  sol vent m i xtu re th rough 

i t  before add ing  the F lor i s i l -crayf i sh t i s s ue m i xture to the top of 

the co l umn . Lan g l oi s � �· ( 1 964) recommended a 50/50 m i xture (pet . 

ether/meth . chl . )  o f  s o l ven ts by vol ume for th i s  F l o r i s i l  f l us h .  

An egg s i zed wad of the f i be r  g l ass used to p revent F lor i s i l  

from runn ing  out the bottom of the e l u t ion co l umn was soaked i n  extrac

t i on sol vent m ixture and the sol vent m i xture was ana l yzed for res i dues 

( Fi gu re 8) . The f iber  g l ass was a m i no r  source of contaminat ion . 



G l ass wool (angel ha i r) was ana lyzed i n  a s i mi l a r  manner (F i gure 9 )  

and cont r i buted a l mos t no  background contam i n a t i on at  a l l .  G l ass 

wool i s  recommended as a p l ug g i n g  mater i a l  i n  p l ace of f iber  g l ass . 

Jus t p r i o r  to use i n  an  extrac t i on the g la ssware was f l ushed 

w i th extract ion sol vent m i xt u re .  These f l us h i ngs were co l l ected and 

anal yzed fo r pes t i c i de res idues ( F i gu re 10) . Rel a t i ve l y  l a rge amounts 

of pest i c i de res i dues were found i n  the f l us h i ngs . The ac i d  soak i n g  

may l eave pes t i c i de res i dues on the g l assware and may not be an  adequate 

cl eans i ng p rocedure for the k ind  of s tudy undertaken here . Lama r ,  

Goer l i tz ,  and Law ( 1 965) recommend hea t t reat i n g  g l assware a t  300°c 

overn i ght (after convent ional cl ean i ng )  to r i d  the g l assware o f  con

tam i nants . The tempera ture to be used and the d u rat ion  may be a rb i 

trary but  i f  equ i pmen t i s  ava i l ab l e  i t  i s  ce rta i n l y  an avenue to be 

exp l ored . G l assware w i th odd con f i gu ra t i ons may be s ubject  to b reakage 

from s t resses from heat .  

Three hundred m l  of the extract ion sol vent m ixture ( 80/20 , pet .  

ether/meth . chl . )  were
.
ana lyzed to see how much o f  the background con

tami nat ion  m ight  be a t t r i buted to i t  ( F i gu re 1 1 ) . Detector response 

to res i dues deri ved from the sol ven t m ixture were mi n i ma l  i n  the a reas 

where pes t i c i de peaks m i gh t  be observed even a t  what i s  appa ren t l y  a 

nannogram l eve l . 

D i s t i l l ed water used to f l ush the g lassware a fter a c i d  soak i n g  

was ana l y zed.  D i s t i l l ed water s tored i n  a p l a s t i c  ca rboy , and d i s 

t i l l ed water co l l ected d i rec t ly  from the s t i l l  w i th and w i thout potas

s i um permanganate in the boi l i n g  po t were compared ( F i gu re 1 2 ) . A 

var i ab l e  was i nadvertan t l y  i n t roduced i nto th i s  compa r i son and shoul d 

be ment ioned . I n  the two eva l ua t i ons not u t i l i z i n g  potas s i um pe rman

ganate i n  the s t i l l  bo i l i n g  pot ,  anhyd rous sod i um s u l fate.w as used to 
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absorb any water p resen t p r i o r  to concen t ra t ion and ana l ys i s .  The 

anhydrous sod i um s u l fate was not used when the eva l ua t ion of the use 

of potass i u� permanganate was made . The poss ib i l i ty ex i s ts that the 

anhydrous sod i um su l fate m i g h t  have been a contam i nant source i tse l f .  

As i de from th i s  the use of potass i um permanganate i n  the bo i l i n g  pot 

to ox i d i ze any orga n i c  mol ecu l es p resent appears to be qu i t e  effect i ve 

espec i a l l y  w i th reference to a backg round peak that co rresponds to pp ' 

DOE . Lama r � �· ( 1 965) recommend the use of an a l  ka 1 i ne permanga

nate i n  conjunction w i th an a l  1 g l ass s t i l l  to obta in  organ i c- free 

d i s t i l l ed water.  Bevenue � �· ( 1 97 1a )  a l so advocate the use o f  

pota ss i um permanganate i n  the s t i l l  boi l i ng pot i n  add i t ion to an 

a l l  g l ass system. 

Three othe r assoc ia ted factors that a re not a part of the extrac

t i o n  scheme p roper were checked as poss i b l e  sou rces of contam inat ion ;  

( 1 )  benzene s tored i n  a p l as t i c  squ i rt bott l e  and  used fo r c l ean i n g  the 

gas ch roma tograph i c  i njection sy r i n ge ,  ( 2 )  benzene s to red i n  a "M i n i 

v i a l "  to s i mu l a te the s torage of a samp l e  between the t i me o f  extrac

t ion and the t i me of anal ys i s ,  and (3) extract i on sol vent m i x tu re 

s tored i n  a "Mi n i -v i a l "  to s i mu l a te the p resence of the s o l vent m ix

ture i n  the "Mi n i -v i a l "  just  pr ior  to f i n a l  d ryness of the extract ion  

el uan t and the consequent presence of any so l vent m i xture res i dues i n  

the "Mi n i -v i a l "  a f ter be ing  red i s so l ved i n  benzen e .  As seen i n  F i gures 

1 3  and 1 4  none o f  these th ree factors are a source of con tami n a t i o n .  

Lamar et �· ( 1 965) suggest as another  poss i b l e  source o f  con tam

i nat ion the p l as t ic screw caps o r  p l a s t i c  cap l i n e rs used on samp l e  

bot t l es and reagent bot t l e s .  Thus any p l as t i c  mate r i a l s  assoc i a ted 

w i th the ana lyt i ca l  scheme o r  used i n  the packag i n g  of mate r i a l s  shou l d  
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be v i ewed w i th susp i c ion w i th respect to be i ng pos s i b l e  sou rces o f  

con taminat ion . Bevenue , Ke l l ey ,  and Hy l i n ( 1 9 7 1 b )  sugges t that g l ass

ware w i th ground gl ass sect i ons a re another con tam i nat ion source i n  

tha t the ground g l ass  a reas wou l d  be d i ff i cu l t  to c l ean even w i th 

hea t i n g .  Nei ther of these pos s i b le contami nat ion  sources were i nves

t i gated in th i s  s tudy . 

Condensed vapors of sol ven t m ixture used i n  an extract ion were 

anal yzed for pes t i c i des to see i f  the sol vent m i xture was s u i tab l e  

for re-use ( F i gure 15 ) . There i s  no evi dence o f  pes t i c i des ca r r i ed 

over and the sol vent m i xture i s  appa ren t l y  s u i ta b l e .  The ques t ion 

of whether the re l a t i ve proport ions  of the two so l vents i n  the m i x

ture has changed i s  unan swe red . F i gure 1 6  i s  used to i l l us t ra te the 

type of ch roma tog ram obta ined from a standard m i x  tu re of .f i ve pes t i 

c i des . 

Crayf i sh  used i n  th i s  s tudy were of three genera and apparen t l y  

several species (Tab l es 1 ,  2 ,  and 3) . They were not p l en t i fu l  enough 

to res t r i ct  samp l es to one spec i es o r  even to one genus . I t  i s  a ssumed 

tha t the method of uptake and the ab i l i ty to concent ra te pest i c i des 

i s  s im i l ar for freshwater crayf i sh and j us t i f i es the g roup i n g  of these 

three genera i n to homogenate samp l es for use as i n d i ca to r s .  

The one step extract ion procedure used here (Lang l o i s !:.!_ �. ,  

1964} i mposes a l imi ta t i on of one gram o f  fat on whatever s i ze samp l e  

i s  be ing  extracted. Fat ana l ys i s  of ten gram po r t i ons of cray f i sh 

t i ssue used i n  th i s  s tudy (Tab l e  4 )  show that  homogenate samp l es of 

who l e  cray f i sh  a re wel l under th i s  1 i mi t a t i on ,  i . e . ,  0 . 203 ± 0 . 084 gm 

( N  = 4) . 

Percent recover ies of a l d r i n ,  d i e l d r i n ,  and p p '  ODE added to 

three d i fferent samples were obta i ned (Ta b l e  S) . Recover ies  of over 
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1 00% for d i e l d r i n  and pp 1  DOE may cast some doubt on the accu racy of 

the quan t i t ies of pes t i c i de res i d ues found but the resu l ts seem fa i r l y  

cons i s ten t wh i ch i s  i nd i ca t i ve o f  fa i r  repeatab i l i ty .  Th i s  i n  turn 

i nd i cates that re l a t i ve compar i sons of pes t i c i de res i dues found wou l d  

be rel i ab l e .  Lan g l o i s  et �· ( 1964) and Hogan ( 1 972) ut i l i zed the 

same extract ion method as i n  th i s  s tudy . Lan g l o i s  � �· ( 1 964) 

reported percent recoveries for d i e t d r i n  of approx imate ly  92% (approx . 

47% l ower than the res u l ts of th i s  s tudy) . Hogan ( 1972) reported on 

the same th ree pes t i c i des as  th i s  s t udy but  found about an 8% t o.ve r  

recovery for a t dr i n ,  a 14% t owe r recovery for d i e l d r i n ,  and about a 

40% l a.ver recovery fo r pp 1 ODE. The percent recovery found for a t d r i n  

i n  th i s  s tudy seems proper but  no exp l anat i on can be offe red a t  th i s  

t ime for the h i gh percent recover ies o f  d i e t d r i n  and p p '  ODE . 

Cray f i sh were co l l ec ted a t  th ree d i fferent s i tes i n  ear ly  s p r i n g ,  

earl y summer, and l a te summer .  The c rayf i sh t i ssue was kept . f rozen 

fo r approx i mate l y  �ne year p r i o r  to ana l ys i s  du r i ng wh i ch t i me the 

t i s s ue had been i nadvertent l y  thawed three or fou r t i mes resu l t i ng  

i n  some fl u i d  J oss from the t i ssue . Some i nves t i gators have kept t i ssue 

frozen for extended per iods of t i me  p r i o r  to pes t i c i de extract i on 

( D i mond � �. ,  1968; D i mond ,  Getche l l ,  and B l ease ,  1 9 7 1 )  wh i l e  others 

(Spence r ,  1967) advocate shorten i n g  the per iod between col l ec t i on of 

samp l e  and chem i ca l  ana lys i s  due to convers ion of pes t i c i des l i ke DDT 

to metabol i t es .  

A l d r i n ,  d i e l d r i n ,  and p p '  DOE were found i n  a l l samp l es i n  the 

s t udy . Heptach l o r  epox i de was i den t i f ied  i n  severa l samp l es as were 

peaks that corresponded to e i the r hep tach l or o r  t i n dane.  No pp '  DDT 

was found .  p p '  ODE i s  the metabo l i te o f  p p '  DDT and the exp l anat ion  
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of i ts p resence a l one is conjectu re . B r i dges e t  a l .  ( 1 963) s tud i ed 

the pers i s tence of DDT and i ts metabo l i tes i n  a fa rm pond and found 

tha t  w i th i n  four months DDT had essen t i a l l y  d i sappeared from cray f i sh 

and after el even months the metabol i te DOE was the on ly  component 

found i n  s i gn i f i ca n t  amoun ts . There may be a pa ra l l e l  i n  th i s  s tudy. 

An a l ternate exp l ana t i on i s  that a h i gh metabo l i te l evel and a l ow 

paren t i nsect i c ide l evel may come about by accumu l a t ion v i a  the food 

cha i n  ( Bu t l er ,  1969) . 

Pes t i c i de l eve l s  found here averaged i n  the 2 nannogram a rea 

for a l d r i n  (Tab l e  7) , and 1 3  nannogram a rea for d i e l d r i n  (Tab l e  8) , 

and the 5 nannogram a rea fo r p p '  ODE (Tab l e  9) . Hogan ( 1 972) conducted 

a s i mi l a r  study on Pol ecat C reek i n  1 97 1  u s i n g  the c l am Ambl ema p l  i cata 

as  an i nd i ca to r .  Two of the co l l ec t ion s i tes i n  th i s  s t udy were the 

same as two of the three co l l ec t i on s i tes i n  h i s  s tudy. H i s  co l l ec-

t ions s tarted a t  about the t i me  of summer when col l ect ions i n  t h i s  

s tudy term i n a ted . He found pes t i c i de l eve l s  averaged i n  the . 36 nanno-

g ram area for a l d r i n ,  the 47 nannogram area fo r d i e l d r i n ,  and i n  .the 

43 nannogram a rea for p p '  DOE . The pes t i c i de res i due l eve ls  found by 

Hogan were several fol d  h i gher than the pes t i c ide  l eve l s  found i n  th i s  

study . Wa ter qua l i ty data taken du r i n g  th i s  s tudy (Tab l es lOA and lOB) 

genera l l y  agree w i t h  the envi ronmen ta l data taken dur i ng h i s s tudy . 

There were temperature changes tha t  corresponded to the season and 

h i gher turb i d i t i es i n  some a reas but  i n  ne i ther s tudy was there any 

d ras t i c  a l tera t ion of the aqua t i c  env i ronment .  I t  wou l d  seem then 

that ,  barr i ng  much specu l a t io n ,  the d i fference i n  pes t i c i de l eve l s  

found i s  mo re attr ibutab l e  to the d i fferent i n d i cator organ i s ms used 

than anyt h i ng el se .  Several  rnvest i gators have assayed cray f i sh  t i ssue 
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fo r pes t i c i de res i dues unde r a var ie ty of s i tua t i ons and cond i t ions . 

Some of the h i gher  pes t i c i de l eve l s  reported were by D i mond � �· 

( 1 968) who found 2 . 725 ppm of comb i ned DDT and metabo l i tes i n  cray

f i sh co l l ected from s t reams sprayed in the yea r of anal y s i s ,  and by 

Meeks ( 1968) who found 3 . 8  ppm (avg . )  of DDT (and metabo l i tes)  i n  

crayf ish  obta i ned from a marsh t reated w i th DDT . Va rious pes t i c i de 

l eve l s  from these down to l ess than 0_. 001  ppm of a l d r i n  and d i e l d r i n  

(Hannon � �. ,  1 970) have been reported . When c rayf i sh  have been 

compared to other orga n i s ms i n  the same s tudy the pes t i c i de l eve l s  

i n  crayfish  were compa rab l e  to other i nvertebra tes ( i . e . , scuds , 

d ragonf ly  na iads ,  damse l f l y  na i ads , backsw i mme r s ,  b l oodworms , and 

pond sna i l s )  (Meeks , 1968) . Red l eeches though accrued notab ly  h i gher 

l evel s than the other invertebrates (Meeks , 1 968) . Fi sh seem to accu

mu l ate h i gher pes t i c i de l eve l s  than crayf i s h  ( Col e !:,! �· ,  1967;  Cope, 

1966;  B r i dges !:,! �. ,  1963 ; Hannon !:,! �. ,  1 970) . No s tu d i es were 

found where freshwa ter crayf i sh  and freshwater c l ams were d i rec t l y  

compared b u t  the compa ri son of th i s  s tudy to t he res u l ts o f  Hogan ' s  

( 1972) s tudy i n  1 97 1  i s  h i gh l y  i nd i ca t i ve tha t  c l ams concen trate pest i 

c i de res i dues to an apprec i a b l y  h i ghe r degree than cray f i s h . 

Pes t i c i des can be taken up by aqua t i c  organ i sms e i the r th rough 

the food web o r  d i rect ly  from the water . I t  i s  open to ques t ion  as 

to wh i ch i s  the major pathway. Chadw i ck and B rocksen ( 1 969) , i nves 

t i gated d i e l d r i n  uptake by scul p ins v i a  both pa thways and conc l uded 

that accumu l a t i on d i rect l y  from the wa ter was the major  uptake path

way except maybe when the pes t i c i de i s  p re�ent in the wate r for on l y  

a short per iod of t i me o r  i f  the concen t ra t ion i s  ext reme l y  l ow .  Macek 

and Korn ( 1 970) on the othe r hand i nves t i g a ted the uptake of  DDT by 
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b rook trout and concl uded that the food cha in  was the major uptake 

pathway p r i ma r i l y  because there i s  genera l l y  a h i gher concentrat ion 

of DDT in the food web than i n  the wa ter .  Crayf i sh  a re omn i vorous 

feeders ( C rocker and Ba r r ,  1968) and wou l d  be l i ke l y  to accumu l a te 

pes t i c i des from severa l sources v i a  the food web. 

I t  i s  taken as genera l knowl edge that e ros ion and runoff are 

major means by wh i ch o rga n i c  pest i c i des may en ter s t reams , ponds , o r  

l akes (Eps tein and G ran t ,  1 968) . I t  was hoped that th i s  s tudy wou l d  

support th i s  bel i e f  i f  l ow pes t i c i de l eve l s  were found i n  the ear l y  

s p r i ng before the heavy spr i ng ra ins  w i th h i gher l evels  then be ing  

found in  ea r l y  summer or l ate summe r .  N o  such support was found. 

S tuden t ' s  "t" test was used to compare samp l es from ea r ly  s p r i n g ,  

earl y summer, and l a te summer but no s ign i f i can t d i fferen�es were 

found i n  l eve l s  of pest i c i de res i dues between any of these three 

seasons. I t  was a l so hoped that d i fferences i n  res i due leve l s  cou l d  

be found between s i te 1 (s i l ty bottom) and s i tes 2 and 3 (sand-grave l 

rock bottoms) . Studen t ' s  1 1 t1 1  tes t  was used aga i n  but  as before no 

s i gn i f i cant d i fferences were found i n  pes t i c i de res i due l eve l s  be tween 

the th ree d i fferent s i tes . 

Polych l orob i pheny l s  (PCB ' s) and re l a ted compounds a re a group 

of i ndust r i a l  chem i ca l s  w i th a mul t i tude of app l i ca t i ons that a re of 

growing i n teres t w i th respect .to p'est i c i de res i due analys i s .  They 

a re not used as pes t i c i des but because of the i r  s i m i l a r i t ies i n  s t ruc

ture and p ropert ies  to the DDT pes t i c i de g roup they can ( i f  p resent) 

be carr ied th rough the usual extrac t i on and s c reen i ng procedures , and 

s i nce they possess e l ectron absorb ing  p �ope rt i es ,  w i l l  i n terfere w i th 

e l ectron capture gas chromatograph i c  ana l ys i s  of organoch l o r i ne compounds 
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( Reyno l d s ,  1 969) . I t  seems that PCB ' s  a re becom i n g  as ub i q u i tous as 

DDT and Maugh { 1973) reports on a theory p roposed. by K. W. Moi l anen 

and 0. G .  Crosby whereby PCB ' s may be a b reakdown p roduct of DOT v i a  

i rrad i a t ion w i th ul traviolet l i ght  of the same wave l engths p resent 

i n  sun l i gh t  i n  the l ower a tmosphe re.  No efforts were taken i n  t h i s  

study to i den t i fy any polych l o rob i phenyl compounds and there were no 

i nd i ca t ions of i n terference by any such compounds . 

I n  sunmary the major sources of background contam i n a t i on were 

found to be te f lon s topcocks , F lor i s i l ,  and res i dues on "c l eaned" 

g l asswa re .  Di s t i l l ed water used i n  f l ush i n g  g l assware shou l d a l so 

be con s i dered a poten t i a l  contaminat ion source . Al d r i n ,  d i e l d r i n ,  

and pp '  DOE were i dent i f i ed and qua n t i tated i n  a l l  samp l es tes ted . 

Heptach l o r  epox i de was i den t i f i ed i n  several samp l es as were peaks 

tha t corresponded to e i ther heptach l o r  or l i ndane .  No pp '  DDT was 

found .  No s i gn i f i cant  d i fferences were found i n  pes t i c i de l eve l s  of 

a l d r i n ,  d i e l d r i n ,  or p p '  ODE wi th respect to t i me or loca t ion . 
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