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ABSTRACT 

A  research  e f f o r t  t o  examine new methods f o r  m o n i t o r i n g  heavy me ta l s  

and p e s t i c i d e s  i n  n a t u r a l  waters  o f  No r th  C a r o l i n a  was undertaken. The 

methods developed were a p p l i e d  t o  a  month ly  sampl ing o f  t h e  Cape Fear R i v e r  

Bas in  f o r  p e s t i c i d e s  and heavy meta ls .  The heavy meta ls  (chromium, cadmium, 

copper, l e a d  and z i n c )  m o n i t o r i n g  techn ique  was based upon t h e  f i e l d  a p p l i -  

c a t i o n  o f  c a t i o n i c  and a n i o n i c  i o n  exchange r e s i n s  t o  examine va r i ous  spec ies 

o f  t he  me ta l s .  M a c r o r e t i c u l a r  XAD r e s i n s  were used t o  concen t ra te  t h e  p e s t i -  

c i des ,  a t r a z i n e ,  DDT (DDE, DDD) d i u ron ,  methy l  p a r a t h i o n  and t r i f l u r a l i n ,  

f rom water .  Bo th  methods were i n c o r p o r a t e d  i n t o  a f i e l d  sampl ing procedure 

where in  t h e  me ta l s  and p e s t i c i d e s  were e x t r a c t e d  from t h e  wa te r  i n  t h e  f i e l d  

and e l u t e d  a t  a  l a t e r  t ime  i n  t h e  l a b o r a t o r y .  Th i s  method a l l o w s  t h e  c o l -  

l e c t i o n  and p rocess ing  o f  samples t o  occur  mow r a p i d l y  and w i t h  l e s s  sample 

t r a n s p o r t  and hand l i ng  than  w i t h  most o t h e r  methods. The procedures a r e  

shown t o  y i e l d  reproduc t i  b l e  recovery  o f  p o l  1 u t a n t s  and c o u l d  s i g n i f i c a n t l y  

reduce b o t h  the manpower and l a b o r a t o r y  t ime  r e q u i r e d  t o  c a r r y  o u t  a  moni- 

t o r i n g  program. Some a d d i t i o n a l  research  would be necessary b e f o r e  e i t h e r  

system c o u l d  be a p p l i e d  t o  a  l a r g e  s c a l e  m o n i t o r i n g  e f f o r t .  Month ly  samples 

from 10 s i t e s  i n  t h e  Cape Fear R i v e r  Bas in  i n d i c a t e d  t h a t  a n i o n i c  chromium 

species were p resen t  a t  a l l  s i t e s  except  t h e  f a r t h e s t  upstream, i n d i c a t i n g  

anthropogeni  c  i n p u t s  , t h a t  meta l  concen t ra t i ons  genera l  l y  decrease as t h e  

wate r  f lows downstream, and t h a t  t h e r e  were no e v i d e n t  c o r r e l a t i o n s  between 

meta l  concen t ra t i ons  and f low o r  r a i n f a l l .  C r ,  Cu and Cd appear t o  come 

p r i n c i p a l l y  from i n d u s t r i a l  and mun i c i pa l  sources, w h i l e  Zn and Pb appear 
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t o  have non-point source origins. Only Pb  values a t  two stations exceeded 

the €PA maximum values for public water supply. Zn, Cd, arid Cr exceeded 

proposed minimal risk values. Pesticide concentrations were highly variable 

for different stations on any one date and for one station on different dates. 

The basin appears t o  be contaminated with low concentrations o f  several 

pesticides. Trifluralin was the most commonly observed compound present in 

97% of the samples. Atrazine, although present in only 42% of the samples 

represents the pesticide present in hightest concentration and transported 

in greatest quantity in the water. DDT,  DDE and methyl parathion were also 

commonly detected, with di uron 1 ess frequently encountered. (No easi ly 

generalizable pattern of distribution was seen when pesticide concentrations, 

f l ~ w  rates or frequencies of occurrence were compared to seasons.) I t  

appears t h a t  some compounds, like DDT,  which are tightly bound in soil 

and persistent, have their highest concentrations associated with periods of 

high rainfall (winter and spring). Other less tightly bound and more bio- 

degradeabl e compounds, 1 i ke atrazi ne and di uron, show thei r high concentrations 

a t  the times when they are applied (spring and summer). 



SUMMARY AND CONCLUSIONS 

I .  Continued industrial  discharge of chromium i s  indicated in the 

Greensboro-Burlington area. Anionic chromium species were found a t  a l l  

s ta t ions except s i t e  1 which suggest tha t  t h i s  fraction comes from anthro- 

pogenic sources. Cr(V1) as CrOc a t  many of these s i t e s  i s  mixed with 

domestic sewage producing favorable conditions for  reduction to Cr ( I  I1 ) and 

subsequent removal on particulates o r  complexation. Removal by preci pi ta -  

tion i s  suggested since dissolved chromium concentration decreased with 

distance below l ikely sources of discharge. 

11. Ion exchange techniques were fomd useful for  separating dis- 

solved ionic metal species. A s ignif icant  amount of chromium was found as 

the anionic form, par t icular ly near points of industr ia l  and municipal 

discharges. Anionic species of copper and zinc were also found, anionic 

zinc being constant whi l e  anionic copDer increased near industrial  dis- 

charge points. Radio-tracer studies with cR5' showed tha t  100% removal of 

Cr(II1) and Cr(V1) was attained using ion exchange preconcentration. How- 

ever, natural water spiked with cr5' as Cr(II1)  indicated that  about half 

the chromium was adsorbed by the part iculate  and the remainder parti t ioned 

between the cat ionic ,  non-ionic and anionic species w i t h  abundancies i n  

that  order. 

I1 I .  In qeneral , concentrations decreased downstream. No correlations 

between metal concentrations and flow were found. 



I V .  A1 though i n  some cases h iqh  concent ra t ions  cou ld  be associated 

w i t h  the  inc idence of r a i n f a l l  on preceding days, no general t r e n d  was 

e v i  dent . 

V .  'C r ,  Cu and Cd appear t o  come p r i n c i p a l l y  f rom i n d u s t r i a l  and 

munic ipal  sources near  Greensboro and Bur l i ng ton .  Zn and Pb appear t o  have 

s i g n i f i c a n t  sources throughout the Cape Fear basin.  These sources are  

l i k e l y  f rom r a i n f a l l  and urban r u n o f f .  

V I .  Lead values exceeded maximum values recommended by EPA f o r  a  pub- 

I i c  water  supply a t  two s t a t i o n s .  No o the r  metal  concent ra t ions  exceeded 

maximum recommendations, b u t  concent ra t ions  o f  Zn , Cd and C r  exceeded pro-  

posed minimal r i s k  values. 

V I I .  Ease o f  use o f  i o n  exchange f o r  f i e l d  p reconcent ra t ion  was demon- 

s t ra ted .  High f l o w  ra tes  cou ld  be used and a  10 a sample cou ld  be concen- 

t r a t e d  i n  15-20 minutes. Preconcentrat ion i n  the f i e l d  reduced t ime and 

cos t  of  sample t r a n s p o r t a t i o n  and workup, decreased possi  b i  1  i ty  o f  contami - 
na t i on ,  assured t h a t  the  species measured was the  -- i n  s i t u  species, and more 

e f f i c i e n t l y  u t i l i z e d  techn ic ian  t ime.  

V I I I ,  The mechanism o f  removal o f  metals was i n f e r r e d  from t h i s  data 

t o  be adsorp t ion  on p a r t i c u l a t e  fo l l owed  by p r e c i p i t a t i o n .  

I X .  A systemat ic  mon i to r i ns  program f o r  low l e v e l  t o x i c  metal  concen- 

t r a t i o n s  i s  necessary t o  assure cont inued safe use o f  t he  Cape Fear as a  

p u b l i c  water  supply and t o  p r o t e c t  t h e  es tua r ine  areas I t  enters .  

X. The macro re t i cu la r  r e s i n  Arnberl i te XAD-2 adsorbs a  broad spectrum 

of o rgan ic  p e s t i c i d e s  from aqueous s o l u t i o n .  E l u t i o n  o f  t h e  r e s i n  by 
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d i e t h y l  e t h e r  i n  a  ba tch  t ype  procedure w i t h  shak ing  removes t h e  adsorbed 

p a r t i  c l  es . 

X I .  Th i s  XAD-2 procedure i s  s u i t a b l e  f o r  f i e l d  e x t r a c t i o n  o f  l a r g e  

wa te r  samples a t  h i g h  f l o w  r a t e s .  The method i s  more convenient ,  more 

f l e x i b l e  i n  a p p l i c a t i o n s  and cheaper than  s o l v e n t  e x t r a c t i o n  procedures 

f o r  m o n i t o r i n g  o f  p e s t i c i d e  con tamina t ion  o f  n a t u r a l  wa te rs .  For  a  r o u t i n e  

m o n i t o r i n g  procedure t h e  use o f  l a r g e r  r e s i n  columns than  employed i n  t h i s  

s tudy  i s  recommended. Approx imate ly  1  gram o f  r e s i n  f o r  each 10 mg/1 o f  

TOC i n  t h e  wa te r  t o  be sampled i s  recommended. 

X I I .  The Cape Fear R i v e r  Bas in  appears t o  be contaminated w i t h  low 

concen t ra t i ons  o f  seve ra l  p e s t i c i d e s .  T r i  f l  u r a l  i n ,  DUE and DDT were found 

i n  most samples o f  n g / l  concen t ra t i ons .  Diuron,  DDD and p o s s i b l y  methy l  

p a r a t h i o n  were found i n  some samples. A t r a z i n e  was r e p o r t e d  i n  a  number 

o f  samples. DDT and DDE concen t ra t i ons  i n  most samples exceeded t he  

recommended 1  i m i  t s  f o r  p r o t e c t i o n  o f  a q u a t i c  1  i f e .  

X I I I ,  Seasonal changes i n  f l o w  and f requency d i s t r i b u t i o n  were no ted  

b u t  f o l l o w e d  no e a s i l y  g e n e r a l i z a b l e  p a t t e r n .  Fo r  DDT t h e  h i g h e s t  concen- 

t r a t i o n s  appear t o  be assoc ia ted  w i t h  pe r i ods  o f  h i 9 h  r a i n f a l l ,  w h i l e  f o r  

o the rs ,  d i u r o n  and a t r a z i n e ,  t h e  l e v e l s  a re  h i ~ h e s t  a t  t h e  t ime  o f  a p p l i -  

c a t i o n  i n  s p r i n g  and summer, O v e r a l l  t h e  f requency o f  occurrence o f  a l l  

p e s t i c i d e s  s t u d i e d  shows a  peak i n  w i n t e r  and s p r i n g  and l owe r  f requenc ies  

d u r i n g  t he  summer. 

X I V .  T r i  f l  u r a l  i n  was t h e  most commonly observed compound f 01 1  owed by 

DDEy DDT, methy l  pa ra th i on ,  a t r a z i n e  and d i u r o n .  



RECOMMENDATIONS 

1. Both sec t ions  o f  t he  study p o i n t  t o  t he  need t o  i n s t i t u t e  some 

form o f  mon i to r i ng  program f o r  heavy metals  and p e s t i c i d e s .  The methods 

used and frequency o f  sampling would depend on the  c a p a b i l i t y  and resources 

of t he  agency conduct ing the  mon i to r ing ,  b u t  methods developed i n  t h i s  s tudy 

cou ld  be advantageously app l ied .  

2. The s i t e  near Wilmington had a lower pH than s i t e s  upstream. The 

e f f e c t  of lower pH cou ld  be the  re lease of p r e v i o u s l y  removed metals  from 

r i v e r  borne sediments as they entered coas ta l  areas. Th i s  mechanism cou ld  be 

magn i f ied  d u r i n g  storms producing bottom scour and humic r i c h  a c i d  swamp wash- 

ou t .  An i n v e s t i g a t i o n  o f  metal  re lease f rom p a r t i c u l a t e s  i n  t h e  lower Cape 

Fear R ive r  i s  suggested. 

3 .  A more systemat ic  i n v e s t i g a t i o n  o f  t he  f r a c t i o n a t i o n  o f  t he  t o t a l  

d i sso l ved  metal con ten t  should be c a r r i e d  o u t .  Th is  would add s i g n i f i c a n t l y  t o  

t he  knowledge o f  t r a c e  metal s p e c i f i c a t i o n  i n  the  Cape Fear R iver .  

4. Fu r the r  procedure development i s  suggested t o  a t t a i n  a sma l l e r  

e l u a n t  volume which would a l l o w  smal le r  sample volumes t o  be taken and/or 

g rea te r  concen t ra t i on  o f  c e r t a i n  metals,  such as cadmium, w i t h  subsequent 

improvement of accuracy. 

5. Work on i n t e r f a c i n g  chemical technology as evidences i n  t h i s  

r e p o r t  w i t h  t h e  needs and capabi 1 i t i e s  o f  s t a t e  water  qua1 i t y  moni t o r i  ng 

agencies . 
6. More experiments o r  methods of e l u t i n g  p e s t i c i d e s  f rom XAD r e s i n s ,  

as i n  underway i n  p r o j e c t  A-087-NC. Also more research on the  s i z e  o f  t he  



resin column to  use in d i f fe rent  applications would be helpful i n  applica- 

t i  on of method t o  actual moni tor i  ng progranl. 

7 .  Areas in need of additional research include more information on 

pesticides i n  the sediments and how they are  transported, an investigation 

of the changes in  pesticide concentration over much shorter  time in terva ls ,  

hours a n d  days, t o  provide perspective fo r  less  frequent sampling as will  

be par t  of any monitoring program. 

8. Use resins  to  investigate a 

world water samples. Combined with G 

broader range of organics 

C/MS systems i t  could prov 

in real 

ide means 

t o  look a t  wider range of pesticides and other pollutionally generated 

organic compounds of environmental and health significance. 

9. Investigate integration of XAD resins in to  a comprehensive continuous 

monitoring program for  pesticides in natural waters. 



INTRODUCTION 

Durins the l a s t  10 t o  15 years we have been increasingly aware of 

problems that  resu l t  from the contamination of our natural waters by agri-  

cultural  and industrial  pollutants.  Many of these materials are  hazardous 

to  man through toxic ,  mutagenic and/or carcinogenic e f f ec t s ,  whi 1 e others 

have deleterious e f fec ts  >on natural ecosystems and t h e i r  biological com- 

muni t i e s .  Two of the major classes of water pollutants are pesticides and 

heavy metals. Specific compounds i n  both of these groups of materials have 

been implicated in detrimental e f fec ts  e i t h e r  o r  man or  the ecosystem. The 

ef fec ts  o f  many others a re ,  fo r  the most pa r t ,  unknown. Only a small per- 

centage of a1 1 the ~ e s t i  cidal compounds and types of heavy metals studied 

have been shown t o  cause problems, the remainder being largely innocuous 

as a r e su l t  of being nontoxic, rapidly biodegradable, nonmobile i n  the 

environment, or because they are  used in very small quant i t ies .  The pro- 

tection of man and the environment from exposure to  hazardous compounds i s  

based upon knowledge of which compounds pose a threa t  and an understanding 

of the occurrence and mobility of these compounds in the environment. 

Although a considerable amount of research has been directed toward gathering 

th i s  type of information for  a few compounds, re lat ively l i t t l e  i s  known 

about the to ta l  spectrum of pesticides and heavy metals tha t  are used in 

agricultural  and industrial  applications. Much of t h i s  work i s  summarized 

in several pub1 ications (Water Qua1 i  ty Data Book, Vol . I ,  1970; Vol . I I ,  

1971 ) ; Pesticide Study Series-8, 1972). 
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The sou theas te rn  U n i t e d  S ta tes  has undergone s i g n i f i c a n t  growth i n  

p o p u l a t i o n  and i n d u s t r i a l i z a t i o n  over  t h e  l a s t  decade. A g r i c u l t u r e  has 

always been, and con t inues  t o  be, t h e  use t o  wh ich  t h e  m a j o r i t y  o f  t h e  

l a n d  i s  appl  i e d .  A g r i c u l  t u r e  and i n d u s t r y  c o n s t i t u t e  t h e  ma jo r  sources 

o f  t h e  p e s t i c i d e s  and heavy meta l  p o l l u t a n t s  t h a t  con tamina te  t h e  wate rs  

o f  t h i s  r e g i o n .  Meta l  p o l l u t a n t s  a r i s e  f rom a  v a r i e t , y  o f  urban and 

i n d u s t t - i a l  sources which a r e  summarized i n  Tab le  1.  Each t ype  o f  a c t i v i t y  

appears t o  have a  r a t h e r  c h a r a c t e r i s t i c  meta l  d ischarge ,  based on t h e  types  

o f  metals used i n  t h a t  i n d u s t r y .  I n  t h e  sou theas t ,  and e s p e c i a l l y  i n  N o r t h  

C a r o l i n a ,  i n d u s t r y  i s  o f  a  ve ry  d i v e r s e  na tu re ,  b o t h  i n  geographic  d i s t r i -  

b u t i o n  at:d m a t e r i a l s  produced. T h i s  d i v e r s i  t.y r e s u l t s  i n  t h e  s p e c i f i c  

sources sf meta l  p o l l u t a n t s  be ing  r a t h e r  w i d e l y  d ispersed .  The wastes and 

e f f l u e n t s  f r om these  i n d u s t r i e s  a r e  added t o  t h e  n a t u r a l l y  o c c u r r i n g  back- 

ground c o n c e n t r a t i o n s  o f  meta ls  i n  t h e  r e c e i v i n g  wate rs ,  wh ich  i n  some 

instances makes s p e c i f i c  p o i n t  sources d i f f i c u l t  o r  i m ~ o s s i  b l e  t o  i d e n t i f y .  

I f  t h e  n e a l t h  o f  b o t h  t he  p o p u l a t i o n  and t h e  env i ronment  i s  t o  be p r o t e c t e d ,  

kncwledgc o f  t h e  sources o f  meta ls ,  and e s p e c i a l l y  t he  concen t rd t i ons  o f  

heavy meta ls  i n  wa te r  and waterways, must be a v a i l a b l e  t o  h e a l t h  p r o f e s -  

s i o n a l s  and those  agencies charged w i t h  env i ronmenta l  p r o t e c t i o n .  

Thc sou theas t  i s  an area w i t h  many d i f f e r e n t  t ypes  o f  s o i l  and a  c l i -  

m a t i c  g r a d a t i o n  f rom temperate t o  s u b t r o p i c a l .  T h i s  g r e a t  range of growing 

c o n d i t i o n s  has r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  tobacco, c i t r u s ,  peanuts,  pecans, 

c o t t o n  and vegetables amounting t o  approx imate ly  85%, 65%, 61%, 28% and 12% 

r e s p e c t i v e l y ,  o f  t h e  t o t a l  U. S. p r o d u c t i o n  ( A g r i c u l t u r a l  S t a t i s t i c s ,  1970).  

To og t i rn i  ze c rop  p r o d u c t i o n  and decrease l a b o r  i n v o l v e d  i n  p l a n t i n g  and 

h a r v e s t i n g ,  modern a g r i c u l t u r e  has come t o  depend on t h e  use o f  h e r b i c i d e s  

and i n s e c t i c i d e s  f o r  t h e  c o n t r o l  o f  weeds and i n s e c t  pes ts .  For  each c r o p  



Table 1. Heavy metals associated with industrial wastes. 

- -- - 

Industry A1 Ag As Cd Cr Cu Fe IIg Mn Pb Ni Sb Sn Zn 

Pulp, paper and 
wood products 

Organic 
chemicals, 
petrochemicals 

Alkali, chlo- 
rine, inorganic 
chemicals 

Fertilizers 

Petroleum 
refining 

Basic steel 
works, 
foundaries 

Basic non- 
ferrous metals- 
works 

Motor-vehicles, 
aircraft- 
plating 

Flat glass, 
cement, 
asbestos 
products 

Textile mill 
products 

Leather 
tanning, 
finishing' 

Steam 
generation 
power plants 

X  X  X X X  

X  X  X  

X X X  X  

X X X X X  

Adapted from Dean, Bosqui and Lansuette (13) . 



and c rop / so i  1  combinat ion t h e r e  w i  11 be p a r t i c u l a r  pes t s  t h a t  r e q u i  r e  t h e  

use o f  s p e c i f i c  p e s t  c o n t r o l  aqents.  Because o f  t he  g r e a t  d i v e r s i t y  o f  

crops arown i n  t he  sou theas t  and t he  v a r i e t y  o f  s o i  1 t ypes ,  many d i f f e r e n t  

p e s t i c i d e s  a re  needed. I n  a  g i ven  geographic area t h e r e  i s  u s u a l l y  a  m ix -  

t u r e  o f  crops p l a n t e d  even though a  p a r t i c u l a r  c rop  may be predominant.  

Therefore,  each area wi 11 see t he  use o f  a  v a r i e t y  o f  p e s t i c i d e s .  These 

compounds e n t e r  ou r  waters  and waterways by a  number o f  rou tes ,  i n c l u d i n g  

l e a c h i n g  i n t o  ground wa te r  f rom the  s o i l ,  p o l l u t i o n  o f  sur face waters  v i a  

e ros ion  and r u n o f f  f rom f i e l d s ,  r a i n  o u t  o f  v o l a t i l i z e d  p e s t i c i d e s  f rom t h e  

atmosphere, washoff o f  p e s t i c i d e s  f r o m  crops i n t o  s o i l  and f r om t h e r e  i n t o  

t he  water .  Due t o  t h e  many p e s t i c i d a l  compounds a v a i l a b l e ,  t h e  d i ve rse  

crops on which t h e y  can be used and t h e  v a r i e t y  o f  r ou tes  by which p e s t i -  

c ides  can e n t e r  water ,  i t  i s  u s u a l l y  imposs ib l e  t o  determine t h e  e x a c t  

source o f  any p e s t i c i d e  found i n  wa te r  samples. To p r o t e c t  t h e  p u b l i c  and 

t he  environment f r om those p e s t i c i d e s  t h a t  c o n s t i  t u t e  a  hazard necess i  t a t e s  

a  program t h a t  ga thers  i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  and concen t ra t i ons  

of  these compounds i n  s p e c i f i c  wa te r  systems. 

It seems r e a d i l y  apparent t h a t  p o p u l a t i o n  growth i n  t h e  Southeast  and 

e s p e c i a l l y  t h e  r i v e r  bas i s  o f  Nor th  C a r o l i n a  has i nc reased  demands f o r  

wa te r  and a l s o  contaminated t he  source of  a  p a r t  o f  t h i s  wa te r .  Much o f  

t h i s  wa te r  comes f r om su r face  supp l i es  and a f t e r  use i n  r e t u r n e d  t o  t h e  

r i v e r  as waste. N a t u r a l  processes w i t h i n  t h e  r i v e r  a re  counted on t o  ren-  

der  t h e  wa te r  safe f o r  use a t  downstream mun i c i pa l  i n t a k e s .  Trace meta l  

con tamina t ion  of t h e  r i v e r  from i n d u s t r i a l  i z a t i o n  and u r b a n i z a t i o n  as we1 1  

as p e s t i c i d e s  from a g r i c u l t u r e  and subsequent reuse o f  t h e  r i v e r  as a  p u b l i c  

wa te r  supp ly  suggests t h a t  sys temat ic  m o n i t o r i n g  programs t o  assess pub1 i c  

h e a l t h  hazards a r e  necessary as p o p u l a t i o n  i n  t he  b a s i n  inc reases  and 
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d is tances  between d ischarges and i n t a k e s  f o r  pub1 i c  use decrease. Moni- 

t o r i n g  i s  a l s o  necessary t o  p r o v i d e  t h e  da ta  on which t o  base dec i s i ons  

on t h e  c o n t r o l  o f  i n p u t s ,  t he  degrees and t ype  of t r ea tmen t  necessary b e f o r e  

t he  wa te r  can be sa fe l y  used, and e v a l u a t i o n  o f  c o n t r o l  cos t s  versus poten-. 

ti a) b e n e f i t s  . 

Meta ls  i n  t h e  Cape Fear R i v e r  Bas in  

The Cape Fear R i v e r  Bas in  i s  t h e  l a r g e s t  i n  No r th  C a r o l i n a  ( N o r t h  

Ca ro l i na  Water Plan, 1972).  I t s  ma jb r  t r i b u t a r i e s  a r e  t h e  Haw, New Hope, 

Deep and No r theas t  Cape Fear R i ve rs .  From i t s  source above Greensboro 

t o  i t s  mouth below Wi lminqton,  t h e  Cape Fear-Haw R i v e r  system i s  about  300 

m i l e s  i n  l e n g t h .  P a r t  of  a l l  o f  29 o f  No r th  C a r o l i n a ' s  100 coun t i es  l i e  

w i t h i n  t he  b a s i n  (27% o f  t o t a l  No r th  C a r o l i n a  l a n d  area)  and a c c o r d i n g  t o  

t he  1970 census, 1,127,591 l i v e  w i t h i n  t h e  b a s i n  (No r th  C a r o l i n a  Water Plan, 

1972). N o r t h  C a r o l i n a  i s  p r i m a r i l y  an a g r i c u l t u r a l  s t a t e  and t h e  Cape 

Fear Bas in  i s  one o f  t he  most p r o d u c t i v e  areas, a l though t h e  upper  p a r t  of 

t h e  b a s i n  and area around Wi lmington a r e  becoming i n c r e a s i n g l y  i n d u s t r i a l  - 

i zed .  The Greensboro-Burl i n g t o n  r e g i o n  i s t e x t i  1 e  o r i  ented,  High P o i n t  has 

ma jo r  f u r n i t u r e  i n d u s t r i e s  and Wi lmington has t e x t i l e s  , a g r i c u l t u r a l  chemi- 

c a l s  and p u l p  and paper  i n d u s t r i e s .  A l s o  w i t h i n  t h e  b a s i n  a r e  wood p roduc ts ,  

f o o d  p rocess ing  and chemical  i n d u s t r i e s .  There a r e  two ma jo r  c o a l - f i  r e d  

power p l a n t s  and a  n u c l e a r  power p l a n t  a long  t h e  r i v e r .  

The Cape Fear-Haw R ive rs  a r e  used f o r  a g r i c u l t u r a l ,  i n d u s t r i a l ,  r e c r e -  

a t i o n a l  and p u b l i c  supp ly  purposes. O f  ma jo r  concern f rom a  p u b l i c  h e a l t h  

v i ewpo in t  i s  t h e  use o f  t h e  Cape Fear-Haw R ive rs  f o r  mun i c i pa l  w a t e r  s u p p l i e s .  

For example, approx imate ly  30 mi 1  es below the  Greensboro-Burl i ngton  area, 

t h e  towns o f  P i t t s b o r o  and Bynum t a k e  t h e i r  domest ic wa te r  f r om t h e  Haw. A 

number of  l a r g e r  m u n i c i p a l i t i e s ,  such as F a y e t t e v i l  l e  and Wi lmington,  a l s o  

12 



use t he  Cape Fear f o r  wa te r  supp l i es .  The r i v e r  has r e c r e a t i o n a l  va lue  

f o r  ba th i ng ,  b o a t i n g  and s p o r t  f i s h i n g .  Below Wilrnington a r e  areas w i t h  

s a l i n i t i e s  s u i t a b l e  f o r  she1 l f i s h  p roduc t i on .  Modern a g r i c u l t u r a l  p rac -  

t i c e s  have inc reased  t he  use o f  t h e  r i v e r  f o r  c rop  i r r i g a t i o n .  

The Cape Fear b a s i n  has h i s t o r i c a l l y  been t h e  most r a p i d l y  growing 

area o f  No r th  Ca ro l i na  (No r th  C a r o l i n a  Water Plan, 1972). As a  r e s u l t ,  

t h e  r e g i o n  has a t t r a c t e d  i n d u s t r y  seek ing  an a v a i l a b l e  work f o r c e .  A 

convenient  source o f  wa te r  o f  adequate q u a l i t y  and q u a n t i t y  i s  a  cons i -  

d e r a t i o n  o f  i n d u s t r y  l o c a t i n g  i n  t h e  Cape Fear  Bas in .  

Table 1  has a1 ready presented t h e  heavy meta ls  most o f t en  assoc ia ted  

w i t h  these i n d u s t r i e s .  Not a l l  o f  t h e  i n d u s t r i e s  i n  Tab le  1  a r e  found 

w i t h i n  t h e  Cape Fear Bas in  b u t  a re  i n c l u d e d  f o r  comparison. The ma jo r  

i n d u s t r y  o f  t h e  area i s  t e x t i l e s  which i n  Table 1 i s  shown t o  be a  source 

o f  chromium wastes. The meta ls  As, Cd, Co, Cu, Pby Hg and Zn have a l s o  

been r e p o r t e d  as be ing  p resen t  a t  u g / l  l e v e l s  i n  raw t e x t i l e  waste as a  

r e s u l t  o f  dyes used d u r i n g  t h e  f i n i s h i n g  process (Dyes and t h e  Environment, 

1973). Chromium i s  used as an o x i d a n t  and i s  p resen t  i n  g r e a t e r  concentra-  

t i o n s  as hexavalent  chromium (Dyes and t h e  Envi  ronment , 1973). A1 uminum 

and antimony a r e  a l s o  found i n  t e x t i l e  waste as a  r e s u l t  o f  a p p l i c a t i o n  o f  

f lame r e t a r d a n t  f i n i s h e s .  Prev ious s t u d i e s  o f  t r a c e  meta l  concen t ra t i ons  

have been conducted on t h e  Haw R i v e r  i n  t h e  Greensboro-Bur l ington a rea  and 

the  da ta  f rom t h r e e  o f  these s t u d i e s  i s  summarized i n  Tab le  2. The t a b l e  

i n d i c a t e s  t h a t  con tamina t ion  by chromium i s  i m p o r t a n t  and t h a t  chromium 

concen t ra t i on  has remained cons tan t  o v e r  t ime.  

Urban d e v e l o ~ m e n t  of  t h e  upper r eg ions  o f  t h e  b a s i n  has occur red  a long  

w i t h  i n d u s t r i a l  development. Lead concen t ra t i ons  i n  p r e c i p i t a t i o n  has 

been shown t o  c o r r e l a t e  w i t h  amount o f  leaded gas01 i n e  consumed (Lazrus 
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T a b l e  2 .  Trace m e t a l  c o n c e n t r a t i o n s  i n  t h e  Haw R i v e r ,  
N o r t h  C a r o l i n a .  

Meta l  
T o t a l  c o n c e n t r a t i o n  L o c a t i o n  where 

r a n g e  (mg/l)  maximum o c c u r r e d  

B u r l i n g t o n  

~ w e p s o n v i l l e  

-- 
B u r l i n g t o n  

T o t a l  c o n c e n t r a t i o n  D i s s o l v e d  concen- 
Meta l  range (mg/l)  t r a t i o n  r a n g e  (mg/l)  

-- - 

Sampl ing p o i n t s  a t  Saxapahaw and P i t t s b o r o .  

Haximums a t  Saxapahaw. 

Minogue (197 2 )  

T o t a l  c o n c e n t r a t i o n  L o c a t i o n  where  
Metal r a n g e  (mg/l)  maximum o c c u r r e d  

C r  N.D. - 0.714 ~ u r l i n g t o n  

Haynie (1974)  



e t  a l . ,  1970) so t h a t  inc reased  u r b a n i z a t i o n  i m p l i e s  i nc reased  l e a d  -- 

p o l l u t i o n  and t r a c e  meta ls  such as l e a d  have been observed t o  i nc rease  

i n  c o n c e n t r a t i o n  f o l l o w i n g  storms as a  r e s u l t  o f  meta ls  e n t e r i n g  urban 

watersheds (Co ls ton ,  1974).  The i n p u t s  f r om t h i s  source can be th rough 

the  urban s to rm wa te r  c o l l e c t i o n  system, o r  perhaps more i m p o r t a n t l y ,  i t  

can come v i a  su r f ace  r u n o f f .  Th i s  makes t r ea tmen t  f o r  removal o f  a l l  

meta l  p o l l u t a n t s  i m p r a c t i c a l  i f  n o t  imposs ib l e .  I n  a d d i t i o n ,  t r a c e  meta l  

contaminants o f  s y n t h e t i c  f e r t i  1  i zers  and as components o f  p e s t i c i d e s  and 

h e r b i c i d e s  a r e  added t o  s o i  1  t o  a g r i c u l t u r a l  areas.  The a p p l i c a t i o n  r a t e s  

a re  so  low t h a t  n e g l i g i b l e  c o n t r i b u t i o n s  a r e  made t o  s o i l  reserves  (Bowen, 

1966). However, t he  p o t e n t i a l  f o r  l e a c h i n g  o f  these t r a c e  c o n s t i t u e n t s  

e x i s t s  and must be cons idered.  

Trace meta ls  can be c l assed  i n t o  two n u t r i t i o n a l  c lasses  based on 

whether they  a r e  e s s e n t i a l  o r  non -essen t i a l  t o  man and animals .  They can 

a l s o  be grouped accord ing  t o  t h e i r  t o x i c i t y  t o  man and animals .  U n f o r t u -  

n a t e l y ,  t h e  two c l a s s i f i c a t i o r t s  cannot  be superimposed. Fo r  example, some 

t r a c e  meta ls  such as copper and z i n c  a r e  bo th  e s s e n t i a l  i n  t r a c e  amounts 

and t o x i c  i n  l a r g e  amounts. Copper and z i n c  a t  h i g h  concen t ra t i ons  a l s o  

become t a s t e  problems i n  po tab le  wa te r  b e f o r e  reach ing  t o x i c  concen t ra t i ons  

(Water Qua1 i ty  C r i  t e r i  a, 1972).  Addi t i o n a l  l y  , chromi um i s  e s s e n t i  a1 as 

C r ( I I 1 )  and t o x i c  as Cr(V1) (Fox, 1972).  A1 though d r i n k i n g  wa te r  s tandards 

a re  recommended based on t o t a l  chromium, i t  i s  t h e  s o l u b l e  oxy-anion o f  

Cr(V1) t h a t  i s  impo r tan t  t o  p u b l i c  h e a l t h  (Water Q u a l i t y  C r i t e r i a ,  1972).  

Besides i t s  o x i d a t i o n  s t a t e s  t h e  chemical  form of a meta l  i s  a l s o  impo r tan t .  

Chemical r e a c t i o n s  w i t h i n  t h e  n a t u r a l  env i ronment  such as c h e l a t i o n  o r  

adso rp t i on  on p a r t i c u l a t e s  can p r o v i d e  decreased t o x i c i t y  (Fox, 1972).  

There fo re ,  t o t a l  meta l  may n o t  be as i m p o r t a n t  t o  t o x i c i t y  as t h e  c o n c e n t r a t i o n  



of a par t icular  chemical form. The classical  i t a i - i  t a i  syndrome of Japan 

has been at t r ibuted to  cadmium pollution (Fusset t ,  1972) .  Cadmium i s  

considered non-essential and a no-effect level of intake has not been 

established (Water Qual i ty  Cr i te r ia ,  1972). Lead i s  one of the most widely 

use4 non-ferrous metals and as a resu l t  has been dis t r ibuted throughout 

the envirohment by man's ac t iv i t i e s  (Goyer and Chisolm, 1972). The toxic 

'effdcts of lead have been recognized for  centuries and because of the 

narrow gap between normal everyday exposure and toxic quant i t ies  (Water 

Quality Cri t e r ,  l972),  the toxi cologi c importance of lead i s  emphasi zed. 

Trace metals also a f fec t  aquatic l i f e .  In freshwater systems, the toxi- 

c i t i e s  of t race metals depend on the presence of other metals and are  also 

related to  other water quality parameters such as hardness, complexation 

capacity and turbidi ty .  Toxicity levels fo r  aquatic organisms vary from 

species to  species b u t  concentrations considered safe  f o r  drinking supplies 

should not be exceeded i f  the water i s  t o  be considered safe  fo r  aquatic 

organi sms. 

Detailed information on trace metal concentrations in the Cape Fear- 

Haw River has been limited by the detection l imits  of the analytical tech- 

niques employed (see Table 2 ) .  The 1969 study i n  Table 2 shows detection 

l imits  of 0.01 mg/l Cr, Cu and Zn and 0.1 m ~ / l  P b .  Using a freeze concen- 

t r a t i  on technique fol lowed by atomic absorption, Minogue (1972) improved 

these l imits  by approximately two orders of magnitude. This method of 

concentration requires the return of large volumes of water t o  the lab for  

the lengthy process of freeze concentrating. In the th i rd  study i n  Table 

2 Haynie (1974) chose Neutron Activation Analysis ( N A A )  because of i t s  

sens i t iv i ty  without sample pre-concentration (0.01 ug/l Cr). Thus NAA 

represents a detection method tha t  i s  sensi t ive enough tha t  pre-concentration 



i s  n o t  o f t e n  r e q u i r e d .  However, t h e  techn ique  i s  n o t  r e a d i l y  a v a i l a b l e  t o  

any l a b o r a t o r y ,  i s  expensive, i s  n o t  s e n s i t i v e  t o  some meta ls  such as l e a d  

and r e q u i r e s  t h e  s to rage  o f  samples be fo re  d e l i v e r y  t o  t h e  r e a c t o r  f a c i l i t y .  

Thus, i t  was t h e  goal  of  t h i s  phase o f  t h e  p r o j e c t  t o  develop a p ro -  

cedure t o  p re -concent ra te  meta ls  i n  t h e  f i e l d  f o r  subsequent a n a l y s i s  by 

atomic abso rp t i on  spect roscopy (AAS). AAS i s  r e a d i l y  a v a i l a b l e  t o  many 

l a b o r a t o r i e s  b u t  p re - concen t ra t i on  i s  o f t e n  necessary t o  g i v e  adequate sen- 

s i t i v i t y  f o r  many t r a c e  meta ls .  P re -concen t ra t i on  i n  t h e  f i e l d  a l s o  

i nsu res  t h a t  l o s s  o r  con tamina t ion  f r o m  sample s to rage  i s  min imized.  I o n  

exchange chromatography was chosen f o r  t h i s  p r e - c o n c e n t r a t i  on s t e p  and i t s  

ab i  1  i ty t o  d i f f e r e n t i a t e  between c a t i o n i  c  and a n i o n i c  s o l u t i o n  spec ies was 

cons idered  as a  f i  r s t  s t ep  toward m o n i t o r i n g  s p e c i f i c  chemical  forms o f  

t r a c e  meta ls  i n  t h i s  r i v e r  system. 

P e s t i c i d e s  i n  t he  Aquat i c  Environment 

P e s t i c i d e s  a r e  a  seemingly u b i q u i t o u s  by -p roduc t  o f  modern s o c i e t y .  

There a re  appa ren t l y  no areas of  t h e  e a r t h  t h a t  a r e  comple te ly  f r e e  o f  

con tamina t ion  by p e s t i c i d a l  chemica ls .  The problem i s  due p r i m a r i l y  t o  

t he  c h l o r i n a t e d  hydrocarbons, a  group of moderate ly  t o x i c ,  b u t  h i g h l y  pe r -  

s i s t e n t  compounds t h a t  i nc l udes  n o t  o n l y  i n s e c t i c i d e s  such as DDT and 

d ie1  d r i n ,  b u t  i n d u s t r i  a1 compounds such as t h e  p o l y c h l o r i n a t e d  b i pheny l s  

(PCB's).  Tab le  3 l i s t s  some o f  t h e  r e p o r t s  i n  t h e  l i t e r a t u r e  of t h e  

occurrence o f  p e s t i c i d e s  and PCB's, and demonstrates t h e  widespread occur-  

rence of c h l o r i n a t e d  hydrocarbons i n  n a t u r a l  wa te rs .  The env i ronmenta l  

problems caused by these  types o f  compounds have been rev iewed by Risebrough 

(1971) and Wurster  (1971).  

The p r o d u c t i o n  and consumption o f  l a r g e  q u a n t i t i e s  o f  p e s t i c i d e s  i n  

t h i s  c o u n t r y  can be expected t o  con t i nue  f o r  some t ime.  I n  1973 p r o d u c t i o n  



TABLE 3 

Occurrence of P e s t i c i d e s  and Po lych lo r ina t ed  
Biphenyls  (PCB's) i n  Su r face  Waters and R a i n f a l l  

Type of 
P o l l u t a n t  Water Locat ion  Reference 

DDT, D i e l d r i n  

Ch lo r ina t ed  
i n s e c t i c i d e s  

Ch lo r ina t ed  
i n s e c t i c i d e s  

Endr i n  

Ch lo r ina t ed  
Pn!%&ctieides 

DDT 

Ch lo r ina t ed  
i n s e c t i c i d e s  

Ch lo r ina t ed  
i n s e c t i c i d e s  

Ch lo r ina t ed  
i n s e c t i c i d e s  

Ch lo r ina t ed  
i n s e c t i c i d e s  

DDT, D i e l d r i n  

PCB's 

Ch lo r ina t ed  
i n s e c t i c i d e s  

C h l o r i n a t e d  
i n s e c t i c i d e s  

PCB ' s 

Sur face  

Sur face  

Sur face  

S u r f a c e  

R a i n f a l l  

Surf ace  

R a i n f a l l  

Su r face  

Sur face  

Surf a c e  

Sur face  

Surf a c e  

Surf a c e  

Sur face  

S u r f a c e  

USA Breidenbach and 
Lichtenberg ,  1963 

USA 

USA Nicholson e t  a l . ,  1964 

USA Novak and Rao, 1965 

England Wheatley and b r d m a n ,  1965 

USA Warnick e t  al., 1966 

USA Weibel e t  a l . ,  1966 

USA Scha fe r  et a l . ,  1969 

USA B a r t h e l  e t  a;., 1969 

Sweden Ahling and Jensen ,  1970 

US A Shee t s  e t  a l . ,  1970 

USA V e i t h  and Lee, 1971 

USA Johnson and Mor r i s ,  1971 

Canada Mi le s  and H a r r i s ,  1973 

North A t l a n t i c  Harvey e t  a l . ,  1973, 1974 
Ocean 

(cont inued)  
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TABLE 3 (cont inued)  

Type of 
P o l l u t a n t  Water Loca t ion  Reference 

.. 
Chlo r ina t ed  Sur face  USA Richard and F r i t z ,  1974 
i n s e c t i c i d e s  

BHC, DDT Surf a c e  Czechoslovakia Uhnak e t  a l e  1974 

PCB' s S u r f a c e  USA M a r t e l l  e t  a l . ,  1975 

DDE, D i e l d r i n  ' Surf a c e  North A t l a n t i c  Jonas  and Pfaender ,  1976 
Ocean 



of s y n t h e t i c  o rgan ic  p e s t i c i d e s  i n  t he  Un i ted  Sta tes  exceeded 600,000 

m e t r i c  tons (Environmental  Q u a l i t y  , 1975). O f  t h e  t o t a l  q u a n t i t y  o f  pes- 

t i c i d e s  produced i n  t h i s  country ,  t h e  p r o p o r t i o n  c o n s i s t i n g  o f  t h e  per -  

s i s t e n t  c h l o r i n a t e d  i n s e c t i c i d e s  has been d e c l i n i n g .  A t  t h e  end o f  1972 

the Un i ted  Sta tes  Environmental P r o t e c t i o n  Agency suspended e s s e n t i a l l y  a l l  

uses o f  DDT. A l d r i n  and d i e l d r i n  have s ince  been s i m i l a r l y  banned. As 

these p e r s i s t e n t  i n s e c t i c i d e s  have been phased ou t ,  o t h e r  i n s e c t i c i d e s  

have taken t h e i r  p lace .  However, these newer p e s t i c i d e s  a re  g e n e r a l l y  more 

t o x i c ,  though much l ess  p e r s i s t e n t ,  than t h e i r  predecessors. Methyl  para-  

thon, which has rep laced DDT i n  many o f  i t s  uses, i s  a  much more t o x i c  

compound t o  warm-blooded animals and must be used w i t h  more cau t i on .  I t  

i s  r e a d i l y  degraded i n  t he  environment so t h a t  i t  does n o t  undergo biomag- 

n i f i c a t i o n .  

Some o f  t he  more impor tan t  p e s t i c i d e s  i n  use i n  t h e  Un i ted  Sta tes  i n  

1972 a re  shown i n  Table 4 w i t h  p roduc t i on  and use q u a n t i t i e s .  Most o f  

these compounds are  p r i m a r i l y  used i n  a g r i  c u l  t u r e .  Many, however, have 

impor tan t  i n d u s t r i a l  and household a p p l i c a t i o n s .  This  l i s t  i nc ludes  f o u r  

o f  t h e  p e s t i c i d e s  t h a t  were s t u d i e d  d u r i n g  t h i s  p r o j e c t .  However, t he  

o the rs  l i s t e d  here should be considered f o r  f u t u r e  mon i to r ing .  

Y o n i t o r i n g  i s  a  necessary p a r t  o f  ou r  e f f o r t  t o  clean-up and p r o t e c t  

our  environment by p r o v i d i n g  i n f o r m a t i o n  on c u r r e n t  cond i t i ons  and t rends  

(McNei 1  i s  , 1973). Impor tan t  parameters i n  t he  environment such as DRT 

must be se lec ted  and then p e r i o d i c a l  l y  and con t i nua l  l y  measured (Env i ron-  

mental Q u a l i t y  , 1970).  The Envi ronmental P r o t e c t i o n  Agency w i t h  o t h e r  

federa l  agencies has es tab l i shed  a n a t i o n a l  water  q u a l i t y  su rve i  11 ance 

system t o  mon i to r  a  number o f  parameters i n c l  ud ing p e s t i  c i  des (Envi  ronmental 

Q u a l i t y ,  1976). However, t h i s  system i s  l i m i t e d  t o  a  few and o f t e n  o n l y  



TABLE 4 

Product ion  and U s e  of Se l ec t ed  P e s t i c i d e s  i n  t h e  United S t a t e s  i n  1972 i n  Thousands of Metric ~ o n s ~  

Use by Category 

I n d u s t r i a l  Home 
T o t a l  T o t a l  and and . T o t a l  Use 

Product ion U s e  Commercial Government Garden A g r i c u l t u r a l  Southeas t  

I n s e c t i c i d e s  

A ld r in  
Ca rba ry l  
Chlordane 
Methyl Pa ra th ion  

b 
N 
2 Toxaphene 

0.8 
0.4 
3.0 

sma l l  
0.4 

s m a l l  s m a l l  
0.7 1.6 
0.2 2.3 

sma 11 s m a l l  
sma 11 smal l  

Herb ic ides  
b 

A t raz ine  
2,4-D 
Diuron 

b 

T r i f  l u r a l i n  
b 

0.8 
2.7 
1.7 

sma 11 

0 . 1  0.4 
1.4 1.4 
0.2 n e g l i g i b l e  

n e g 1 i g i b . k  s m a l l  

Fungicides 

Pentachlorophenol  n e g l i g i b l e  0.7 n e g l i g i b l e  

Fumigants 

p-dichlorobenzene n e g l i g i b l e  

a 
from von ~ ' h k e r  e t  al .  , 1975 

b p e s t i c i d e s  inc luded  i n  t h i s  s t u d y  



one s i t e  i n  each r i v e r  bas in .  Such a  system can p r o v i d e  l i t t l e  i n f o r m a t i o n  

about s p e c i f i c  areas of a  bas in ,  n o r  p r o v i d e  i n fo rma t i on  on i n p u t s ,  f a t e s  

o r  seasonal f l u c t u a t i o n s  . 

Cu r ren t  Methodology 

M o n i t o r i n s  o f  p e s t i c i d e s  i n  su r f ace  waters  p resen ts  a  number o f  d i f f i -  

c u l t i e s .  O f  ma jo r  impor tance i s  t h e  g e n e r a l l y  v e r y  low c o n c e n t r a t i o n s  o f  

p e s t i c i d e s  found i n  n a t u r a l  wa te rs .  Thus, l a r g e  amounts o f  w a t e r  must o f t e n  

be c o l l e c t e d  i n  o r d e r  t o  o b t a i n  enough m a t e r i a l  f o r  a n a l y s i s .  F requen t l y  

o t h e r  o rgan i cs  a r e  p resen t  t h a t  may i n t e r f e r e  w i t h  t h e  a n a l y t i c a l  procedure.  

T ranspo r ta t i on ,  h a n d l i n g  and s to rage  o f  l a r g e  wa te r  samples can be d i f f i -  

c u l t ,  l i m i t s  t h e  number o f  samples and inc reases  t he  chances f o r  contamina- 

t i o n .  Most o f  t h e  -- i n  s i t u  sampl ing procedures,  c u r r e n t l y  a v a i l a b l e ,  have 

o t h e r  problems such as t he  r e q u i  rement f o r  expensi  ve and e l a b o r a t e  apparatus 

o r  t h e  problems assoc ia ted  w i t h  t h e  carbon a d s o r p t i o n  method as desc r i bed  

below. 

The most commonly used methods o f  e x t r a c t i n g  p e s t i c i d e s  from wa te r  

have been by s o l v e n t  e x t r a c t i o n  and by adso rp t i on  i n t o  a c t i v a t e d  carbon. 

The carbon adso rp t i on  method (CAM) was w i d e l y  used by t h e  I1.S. P u b l i c  H e a l t h  

Se rv i ce  ( ~ o s e n  and Midd le ton ,  1959; Breidenbach -- e t  a1 . , 1964) u n t i  1  i t s  

r e 1  i a b i  li ty  was ques t i oned  ( B u r c h f i e l d  and Johnson, 1965).  F o r  t h i s  p roce-  

dure (Breidenbach -- e t  a l . ,  1964), t h e  wa te r  sample i s  pumped th rough a  bed 

o f  a c t i v a t e d  carbon. The carbon i s  then  d r i e d  and e x t r a c t e d  w i t h  c h l o r o -  

form t o  remove t h e  adsorbed o rgan ics .  The e x t r a c t  i s  then  concen t ra ted  

and analyzed. The advantages and disadvantages o f  t he  CAM have been rev iewed 

by Faust  and S u f f e t  (1966).  The procedure takes a  cont inuous sample and 

can handle l a r g e  volumes. I t s  l i m i t a t i o n s  i n c l u d e  poo r  q u a n t i  t a t i o n ,  ad- 

s o r p t i o n  o f  o n l y  w a r t  o f  t h e  o rgan i c  m a t t e r  i n  wa te r  and b i o l o g i c a l  



degrada t i  on o f  some organ i  cs on t he  carbon. E i  che l  be rge r  and L i ch tenbe rg  

(1971) r e p o r t e d  poor  r ecove r i es  f o r  some p e s t i  c i  des. Brondtmann ( 1  975) 

compared t h e  method t o  a cont inuous s o l v e n t  e x t r a c t i o n  procedure which he 

found t o  be somewhat more e f f e c t i v e  f o r  removing p e s t i c i d e s  f rom w a t e r  and 

cheaper. I n  a newer v e r s i o n  o f  t he  CAM Buelow -- e t  a l .  (1973a,b) s i m p l i f i e d  

t h e  procedure. Th i s  method i s  r e p o r t e d  t o  be s u i t a b l e  f o r  t o t a l  o r g a n i c  

mater i  a1 and n o t  f o r  i d e n t i  f y i n q  s p e c i f i c  contaminants ,  however. 

Sol ven t  e x t r a c t i o n s  o r  1 i q u i  d - l i q u i d  e x t r a c t i o n s  (LLE) a r e  t h e  most 

w i d e l y  accepted methods o f  i s o l a t i n g  p e s t i c i d e s ,  o r  any o rgan i c  compound, 

f rom water ,  There a re  man,y v a r i a t i o n s  o f  t h e  b a s i c  method i n  use. Most 

procedures a r e  ba t ch  e x t r a c t i  ons o f  w a t e r  i n  a sepa ra to r y  f u n n e l  , f l  ask o r  

b o t t l e  w i t h  an o rgan i c  s o l v e n t  o r  m i x t u r e  o f  so l ven t s  (Teas ley and Cox, 

1974; Ford -- e t  a1 . , 1975). These methods vary  i n  e x t r a c t i o n  s o l v e n t ,  i n  l e n  

l e n g t h  o f  sample and i n  va r i ous  o t h e r  ways. Mestres -- e t  a.1. (1971 ) dev ised  

an a l l  g l ass  system f o r  s imu l taneous ly  e x t r a c t i n g  and c o n c e n t r a t i n g  p e s t i -  

c ides  f r om smal l  wa te r  samples. Another  t y p e  o f  system was used by Jonas 

and Pfaender (1976) i n  which t he  water  sample was e x t r a c t e d  by  d i f f u s i n g  

b o i l i n g  e t h y l  e t h e r  i n  a cont inuous e x t r a c t i o n  chamber. A system f o r  t h e  

cont inuous e x t r a c t i o n  o f  l a r g e  samples o f  w a t e r  f o r  p e s t i c i d e s  was developed 

by  Kahn and Wayman (1964).  Th is  method was adapted by Ahnof f  and Josefsson 

(1974) t o  on s i t e  e x t r a c t i o n  o f  t h e  sample. 

Standard Methods (APHA, 1976) recommends ba t ch  e x t r a c t i o n  procedures 

f o r  a n a l y s i s  o f  p e s t i c i d e s  i n  water .  Th i s  t ype  o f  procedure i s  a l s o  recom- 

mended f o r  p e s t i c i d e  a n a l y s i s  by t h e  U.S. Geo log i ca l  Survey ( G o e r l i t z  and 

Brown, 1972) and by an EPA l a b o r a t o r y  (Thompson, 1972). LLE methods 

were rev iewed by Faust  and S u f f e t  (1966) .  The ma jo r  advantages a re  t h e i r  

q u a n t i  t a t i  ve recovery  e f f i  c i e n c i e s  (genera l  l y  more than  85%) and t h e i  r 
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s h o r t e r  p rocess inq  t imes r e l a t i v e  t o  t h e  carbon adso rp t i on  method. L i m i -  

t a t i o n s  of s o l v e n t  e x t r a c t i o n  i n c l u d e  t h e  need f o r  ve ry  pure  s o l v e n t s  and 

f o r  c lean-up of t h e  e x t r a c t  of i n t e r f e r e n c e s .  The r a t i o  o f  sample t o  

s o l v e n t  i s  r e l a t i v e l y  low so t h a t  i m p u r i t i e s  i n  t h e  s o l v e n t  a r e  n e c e s s a r i l y  

concentrated.  Large samples can be handled o n l y  w i t h  much tedium, excep t  

w i t h  t h e  use o f  procedures such as Ahnoff and Josefsson, which i s  n o t  

adapted t o  p rocess ing  many samples such as would be r e q u i r e d  i n  a mon i t o r -  

i n g  program. An e a r l i e r  m o n i t o r i n g  program i n  No r th  C a r o l i n a  p o i n t e d  up 

these 1 irni t a t i  ons (Sheets -- e t  a1 . , 1970).  To overcome these  1 i m i t a t i o n s  

t he  number o f  samples must be reduced o r  cos ts  w i l l  i n c rease .  

The e x i s t e n c e  o f  these problems has m o t i v a t e d  va r i ous  workers  t o  p r o -  

pose new methods f o r  p e s t i c i d e  e x t r a c t i o n  f r o m  water .  Researchers have 

exper imented w i t h  a v a r i e t y  o f  methods. I t o  (1971) u n s u c c e s s f u l l y  a t tempted 

t o  e x t r a c t  p e s t i c i d e s  f r om water  w i t h  c h l o r o s i  lanes bonded t o  C e l i t e .  A 

s i m i l a r  method was r e p o r t e d  by Aue -- e t  a1 . (1972) i n  which s i l i c o n e  polymers 

were bonded t o  Chromosorb W.  No q u a n t i t a t i v e  da ta  were p rov ided .  Severa l  

workers have exper imented w i t h  po lyure thane  foams, uncoated and coated wi t h  

s i  1 i cone polymers,  as e x t r a c t a n t s  o f  organo-chl  o r i  de i n s e c t i  c i  des and PCB's 

from wa te r  (Geser e t  a l . ,  1971 ; Uthe -- e t  a l . ,  1972; Musty and N i c k l e s s ,  

1974b, 1976).  These procedures a re  s imp le  and can be c a r r i e d  o u t  i n  t h e  

f i e l d .  Webb (1975) v e r i f i e d  t h e  e f f e c t i v e n e s s  o f  t h e  foam f o r  e x t r a c t i n g  

PCB's from water ,  b u t  found them t o  be i n e f f e c t i v e  a t  e x t r a c t i n g  a v a r i e t y  

of i n d u s t r i a l  o rgan ics  f rom water .  They may be q u i t e  u s e f u l  as s imi -quan-  

t i t a t i v e ,  -- i n  s i t u  mon i to rs  o f  PCB and c h l o r i n a t e d  i n s e c t i c i d e  p o l l u t i o n  i n  

wate r  (Uthe e t  a l .  , 1974). 

Another  procedure o f  use i n  p a r t i c u l a r  a p p l i c a t i o n s  of  p e s t i c i d e  analy-  

s i s  i s  t h e  method o f  reversed  1 i q u i d - l i q u i d  p a r t i t i o n i n g  (Ah1 i n g  and Jensen, 



1970) in which the water sample i s  pumped through a column of Carbowax 

4000 monostearate and undecane on Chromosorb W .  This column i s  then eluted 

with petroleum ether  to recover the extracted pesticides or  PCB's. Quanti- 

ta t ive  recoveries of a number of chlorinated insecticides from d i s t i l l e d  

water were obtained. 

A more promising extraction procedure fo r  pesticides in water has 

been adsorption by macroreticular resins.  Riley and Taylor (1969) demon- 

s t rated that  the macroreti cular resin XAD-1 was effect ive in isolat ing a 

variety of non-polar orpanic compounds a t  trace levels from seawater. Pes- 

t ic ides  and other non-polar organics were trapped, while amino acids ,  carbo- 

hydrates and inorganic ions passed through the resins.  Burnham -- e t  a l .  (1972) 

showed tha t  XAD-2 and XAD-7 effect ively removed neutral organics from water, 

particularly aromatics. Elution of the sorbed material from the resin was 

apparently less  effect ive.  Harvey (1973) was able to  extract  and e l u t e ,  

quanti ta t ive ly  , several chlorinated hydrocarbons in water with XAD-2 res in.  

In th i s  procedure, designed fo r  shipboard use, water i s  pumped through a 

column of XAD-2 a t  a ra te  of 5 bed volumes per minute. The column was then 

eluted w i t h  boiling acetoni t r i  l e  or ethanol. Recovery eff ic iencies  of 100% 

were reported f o r  several chlorinated pesticides and PCB's. Samples of as 

large as 80 l i t e r s  were handled. High sample to  elution solvent ra t ios  were 

maintained. No clean-up of extracts  was needed. By a s imilar  procedure 

Richard and Tri tz  (1974) detected several pesticides in a stream in Iowa. 

Osterroht (1974) designed a more elaborate apparatus fo r  in s i t u  extraction -- 

of large volumes of seawater with XAD-2.  Elution i s  by Soxhlet extraction 

of the resin for  eight hours with methanol. Junk e t  a1 . (1974) reported a -- 

procedure t h a t  quant i ta t ively,  quickly and easi ly  isolated a wide range of 

oraanic compounds from water. The sample i s  allowed to percolate through a 



small column of resin (XAD-2  o r  X A D - 4 ) .  Elution i s  effected by a small 

amount of diethyl e ther .  Schnare (1976) was unable to  duplicate Junk's 

work without modification. Other workers have found XAD resins to  be 

effect ive for isolat ing pesticides from water (Niederschulte and Ballschmi- 

t e r ,  1974; Musty and Nickles, 1974a). Tenax, a synthetic,  porous polymer 

resin composed of 2,6-diphenyl -p-phenylene oxide, was found by Leoni e t  a1 . 
(1975) to  be useful fo r  isolat ing pesticides from water. 

The l i t e ra tu re  suggests that  macroreticular resins ,  par t icular ly XAD-2 

and X A D - 4 ,  are e f fec t ive  means of isolat ing pesticides and other non-polar 

organic pollutants from natural waters. In par t icu lar ,  these resins seem 

well suited to the routine monitoring of pesticides in natural waters where 

numerous, larqe samples must be collected. 

XAD-2 Resins 

The macroreticular resin XAD-2 i s  one of a ser ies  of polymeric adsor- 

bents produced by the Rohm and Haas Company of Philadelphia. This material 

i s  in the form of hard, white porous beads. I t  i s  composed of cross-linked 

co-polymers of styrene and di vinyl benzene. The physical characteri s t i  cs 

of the resin are presented in Table 5. The resin has a large surface area 

making i t  an excellent adsorbent. XAD-2 and the chemically identical XAD-4 

(smal 1 e r  pore s i  ze and 1 arper surface area) have very non-pol a r  , hydropho- 

bi c molecules from aqueous solutions. The bond in^ that  holds the adsorbents 

to  the surface are  primarily Van der Naals forces. These bonds are weak, so 

that  the adsorption step i s  reversible.  During the extraction step the 

hydrophobic organic molecules preferent ial ly  adsorb to  the resin surface. 

Dur ing  elution the adsorbed molecules a re  dissolved by the non-polar solvent,  

for which the sorbed molecules have a strong a f f in i ty .  



TABLE 5 

XAD-2 C h a r a c t e r i s t i c s *  

%- 

Appearance Hard, s p h e r i c a l ,  opaque beads  

P o r o s i t y  0.40-0.45 m l  pore/ml bead,  d ry  b a s i s  

Su r f ace  Area 

E f f e c t i v e  S i z e  

2 
330 m /g ,  d r y  b a s i s  

0.30-0.45 nun 

Barmonic Mean P a r t i c l e  S i z e  0.45-0.60 mm 

Average Pore Diameter  90 1, dry b a s i s  

True  Wet Dens i ty  1.02 g/ml i n  d i s t i l l e d  water  

S k e l e t a l  Dens i ty  1.07 g/ml 

Bulk Dens i ty  0.64-0.70 g/ml 

Dipole  Monent of F u n c t i o n a l  0.3 
Group 
-- - 

*from "Amberl i te  XAD-Z", Rohm and Haas Co., Ph i l adeph ia .  



Because of these c h a r a c t e r i s t i c s  XAD-2 r e s i n  i s  w e l l  s u i t e d  t o  concen- 

t r a t i n g  compounds such as p e s t i c i d e s  f r om water .  P e s t i  c i d a l  chemica ls  a r e  

r e a d i l y  t r apped  by t h e  r e s i n  as t h e  wa te r  passes th rough t h e  r e s i n  bed. A 

smal l  volume of an a p p r o p r i a t e  s o l v e n t  then e l u t e s  t h e  p e s t i c i d e s .  Because 

of the  non-po la r  c h a r a c t e r i s t i c s  o f  t h e  r e s i n ,  o t h e r  more p o l a r  compounds 

and i o n i c  spec ies w i l l  pass th rough t he  r e s i n .  Th i s  e f f e c t  can be enhanced 

by use of moderate f l o w  r a t e s ,  so t h a t  t h e  need f o r  c l e a n i n g  up t h e  e x t r a c t  

can be e l i m i n a t e d  (Harvey, 1973). 

Th i s  phase o f  t h e  s tudy  had two o b j e c t i v e s :  f i r s t ,  t o  develop a  b e t t e r  

method o f  sampl ing n a t u r a l  waters  f o r  p e s t i c i d e s  t h a t  was s u i t a b l e  f o r  a  

r o u t i n e  m o n i t o r i n g  program; second, t o  app ly  t h i s  procedure t o  a  survey of 

t h e  Cape Fear  R i v e r  Bas in  o f  Nor th  Ca ro l i na .  Th i s  procedure would o f f e r  a  

more r a p i d ,  e f f i c i e n t  and cheaper method o f  m o n i t o r i n g  p e s t i c i d e s  i n  n a t u r a l  

waters  than  i s  c u r r e n t l y  a v a i l a b l e .  Water samples were t o  be c o l l e c t e d ,  

w i t h  e x t r a c t i o n  by XAD-2 r e s i n  i n  t h e  f i e l d  so t h a t  no w a t e r  would be t r a n s -  

p o r t e d  back t o  t h e  l a b o r a t o r y  o r  s t o red .  The amount o f  w a t e r  t o  be e x t r a c t e d  

would be under t he  c o n t r o l  o f  the  i n v e s t i g a t o r .  Large samples c o u l d  be 

handled i f  needed. The a p p l i c a t i o n  o f  t he  procedure t o  an a c t u a l  m o n i t o r -  

i n p  program would a1 low f o r  b e t t e r  e v a l u a t i o n  o f  i t s  advantages and l i m i t a -  

t i o n s ;  and i n  a d d i t i o n  p r o v i d e  da ta  on t h e  Cape Fear R i v e r .  

L i t t l e  p e s t i c i d e  da ta  i s  a v a i l a b l e  on t h e  Cape Fear  Bas in.  A 1969 

survey o f  t h e  Haw 9 i v e r  r e p o r t e d  t h e  f i n d i n g  o f  a  t r a c e  amount o f  DDE o n l y ,  

a t  one s l t e  (Water Q u a l i t y  Survey -- Haw R i v e r  Sub-Basin, 1969).  No d e t a i l s  

o f  t h e  methods used were g iven.  



MATERIALS AND METHODS 

Sample S i t e s  

Samples were c o l l e c t e d  f rom ten  s i t e s  i n  t h e  Cape Fear R i v e r  Bas in  

o f  No r th  Caro l ina ,  These s i t e s  a r e  l i s t e d  i n  Table 6. A map o f  t h e  b a s i n  

w i t h  sampl ing s t a t i o n s  marked i s  shown i n  F igu re  1. Samples were taken  

month ly  f r om J u l y  1974 th rough June 1975 except  i n  October. Samples were 

i n i t i a l l y  taken a t  s t a t i o n s  3 '  and 10 '  b u t  l a t e r  were taken f r om s t a t i o n s  

3 and 10, beg inn ing  i n  November and August r e s p e c t i v e l y .  A U.S. Geolog i -  

c a l  Survey gauging s t a t i o n  was l o c a t e d  a t  s t a t i o n  3. S t a t i o n  10 was more 

access ib l e  than t he  s i t e  o f  1 0 ' .  

A t  most s t a t i o n s  wa te r  samples were drawn f rom t h e  s t ream i n  a Nalgene 

bucket  and t r a n s f e r r e d  i n t o  a Nalgene j e r r i c a n .  A t  a l l  t imes a t  s t a t i o n  6 

and on occas ion a t  s t a t i o n s  4 and 7,  t h e  sample was c o l l e c t e d  d i r e c t l y  

w i t h  t he  j e r r i c a n  from t h e  bank. Gene ra l l y  a sample o f  21 t o  22 l i t e r s  

was c o l l e c t e d  o f  which 10 l i t e r s  were e x t r a c t e d  f o r  p e s t i c i d e s .  

S t a t i o n s  1 th rough 6 were c o l l e c t e d  on one day; and 7 th rough 10 

u s u a l l y  t h e  f o l l o w i n g  day. A l i s t  o f  a c t u a l  sampl ing dates i s  p rov ided  i n  

t he  appendix (Tab le  A-1). 

Water temperature,  pH, f low c o n d i t i o n s  and approximate t ime were no ted  

f o r  each s t a t i o n  on each sampl ing t r i p .  Mean month ly  f l o w  r a t e s  f o r  sever-  

a l  s t a t i o n s  were ob ta i ned  from U.S. Geo log ica l  Survey p u b l i c a t i o n s  (Water 

Resource Data f o r  No r th  Ca ro l i na ,  1975, 1976) and a r e  p rov ided  i n  t h e  

appendix (Tab le  A - 2 ) .  S t a t i o n s  3 and 9 were l o c a t e d  a t  U.S.G.S. gauging 



F igu re  1.  Cape Fear R i v e r  Bas in  w i t h  Sampling S t a t i o n s  



s t a t i o n s .  S t a t i o n s  5  and 7 were nea r  U.S.G.S.  gauging s t a t i o n s .  Table 6  

l i s t s  t h e  U.S.G.S. s t a t i o n  numbers f o r  t he  corresponding s t a t i o n  used i n  

t h i s  s tudy.  

Meta ls  Study 

Ma te r i  a1 s. A1 1  reagents were prepared f rom reagent  grade chemi c a l  s  . 
Standards were prepared acco rd ing  t o  P e r k i  n  Elmer Atomic Adsorp t ion  i n s t r u c -  

t i o n  manual. The c a t i o n  exchange r e s i n  used was AG-50W x  8, 100-200 mesh 

p a r t i c l e  s i z e  ( A n a l y t i c a l  Grade) purchased f rom B i  o-Rad Labo ra to r i es  i n  t h e  

hydrogen form. I n  e a r l y  developmental work AG-50W x  16, 20-50 mesh ob ta ined  

f rom Sigma Chemical Co. i n  t h e  hydrogen f o rm  and Chelex 100, 100-200 mesh 

f r om Bio-Rad Labo ra to r i es  were used, The an ion  exchange r e s i n  used was 

reagent  grade AG-1 x  8, 50-100 mesh and was purchased f r om 3. T. Baker 

Chemical Co. i n  t h e  c h l o r i d e  form. The manganese o x i d e - d i o x i d e  impregnated 

a c r y l i c  f i b e r s  used as an i n o r g a n i c  exchanger were s u p p l i e d  by Moore and 

Reid (1973) .  A l l  b u f f e r s  used f o r  s t a n d a r d i z a t i o n  o f  t h e  pH meter  were 

F i s h e r  c e r t i f i e d  ( +  0.02 pH u n i t s ) .  

B o r o s i l i c a t e  g l ass  was used th rouqhout  w i t h  t h e  excep t i on  o f  t ub ing .  

Soda-l ime s o f t  g l ass  o r  Tygon brand p o l y v i n y l  c h l o r i d e  were used f o r  t u b i n g .  

P r e - f i l t e r s  were cons t ruc ted  o f  3/4 i n .  by 4 i n .  ( o r  6  i n . )  po l ye thy lene  

gas d r y i n g  tubes w i t h  b o r o s i l  i c a t e  g l  ass wool p l ugs .  The main f i  1  t e r  was 

a  0.2 um Gelman double open-end Acc ro f l ow- I1  f i l t e r  c a r t r i d g e  housed i n  a 

F i  1 t e r i  t e  t a l  c r e i n f o r c e d  po lypropy lene  hous ing w i  t h  connect ions made th rough 

p o l y v i n y l  c h l o r i d e  and n y l o n  f i t t i n g s .  

Ten l i t e r  po l ye thy lene  buckets  and 10 and 20 1  po l ye thy lene  j e r r i e a n s  

from Nalge were used t o  c o l l e c t  and t r a n s p o r t  samples f o r  bo th  p a r t s  o f  t h e  

s tudy  t o  t h e  pumping apparatus i n  t h e  f i e l d .  Po lypropy lene  and p o l y e t h y l e n e  



TABLE 6 

Locat ion  of Sampling S t a t i o n s  

S t a t i o n  D e s c r i p t i o n  

Haw River  n e a r  Oak Ridge a t  S.R. 2109. Near s o u r c e  of 
s t ream.  Sample from n o r t h  bank of s t ream. 

B u f f a l o  Creek n e a r  McLeansvi l le  a t  S.R. 2795. Below 
sewage o u t f a l l  from Greensboro. Sample from downstream 
s i d e  of b r idge .  

Haw R ive r  n e a r  Oss ipee  a t  S.R. 1530. Sample from 
b r idge .  

Haw R ive r  a t  town of Haw River  a t  U.S. 70. U.S.G.S. 
s t a t i o n  # 02096500. Sample from b r idge .  

Haw River  a t  Saxapahaw a t  S.R. 2171. Sample from 
b r i d g e  o r  undernea th  b r idge .  

Haw Rive r  n e a r  Moncure a t  U.S. 1. U.S.G.S. s t a t i o n  
# 02098200. Sample from b r idge .  

Cape F e a r  River  n e a r  Cor in th  a t  N.C.  42. Below con- 
f l u e n c e  of Haw and Deep R ive r s .  Sample from dock a t  
b o a t  landing .  

Cape Fea r  River  n e a r  Erwin a t  N.C. 217. U.S.G.S. 
s t a t i o n  # 02102500 s e v e r a l  k i l o m e t e r s  upstream. Sample 
from west  bank below b r idge .  

Cape Fea r  River  a t  F a y e t t e v i l l e  a t  N.C. 24-210. Sample 
from b r idge .  

Cape Fear  River  n e a r  Tar  Heel  a t  Lock and Dam #3. 
U.S.G.S. s t a t i o n  # 02105500. Sample from lockwa l l  up- 
s t ream from dam. 

Cape Fear  River  n e a r  Phoenix a t  S t rawberry  H i l l  Landing. 
Sample from b o a t  t i e d  t o  bank. 

Cape Fear  R ive r  n e a r  Wilmington a t  I . V .  S u t t o n  Power 
P l a n t  (Ca ro l ina  Power and L igh t  Company). Sample from 
bank below tug  s l i p .  



b o t t l e s  were used f o r  s to rage  o f  e lua tes , *and  s tandards i n  t h e  l a b o r a t o r y .  

B o r o s i l i  ca te  g lass  columns wi t h  T e f l o n  f i t t i n g s ,  purchased f rom B io -  

Rad Labo ra to r i es  were used f o r  l a b o r a t o r y  developmental  work. F i e1  d  

columns were cons t ruc ted  o f  p o l y v i n y l  c h l o r i d e  w i t h  n y l o n  f i t t i n g s  and a  

b o r o s i l  i c a t e  g l ass  f r i t t e d  d i s c .  T e f l o n  tape was used t o  p reven t  b i n d i n g  

and i n s u r e  p rope r  sea ls .  Whatman No. 1  f i l t e r  paper  was used t o  separa te  

r e s i n  and e lua te .  

The c r5 '  was purchased f r om I C N  L i f e  Science Group. F i ve  m C i  each o f  

CrC13 and Na2Cr04 were ob ta i ned  w i t h  i n i t i a l  s p e c i f i c  a c t i v i t i e s  o f  550 

c i / g  C r .  

Meta l  a n a l y s i s  was accomplished w i t h  a  Perk in-E 

abso rp t i on  spect rophotometer  w i t h  a  F i s h e r  Recorda l l  

The cr5 '  was counted u s i n g  a  w e l l  t ype  Beckman Gamma 

A  F i s h e r  Model 150 p o r t a b l e  pH meter  w i t h  a  combinat 

mer Model 303 atomic 

Se r i es  5000 reco rde r .  

310 Rad ia t i on  Counter.  

on g l ass  e l e c t r o d e  

was used t o  determine pH i n  t he  f l e l d .  

Method Development. A sample s i z e  of l 0 a  and a  pumping r a t e  o f  500 

ml t o  1  a  p e r  m inu te  was se lec ted .  Th i s  gave a  sampl ing t ime  o f  15 t o  30 

minutes p e r  sample s i t e  and adequate c o n c e n t r a t i o n  f o r  a tomic abso rp t i on  

a n a l y s i s  by d i r e c t  a s p i r a t i o n  i n t o  t he  flame. I ns t rumen t  a v a i l a b i l i t y  and 

t h e  success o f  o t h e r  i n v e s t i q a t o r s  u s i n g  i o n  exchange techniques i n  combi- 

n a t i o n  w i t h  atomi c  abso rp t i on  spec t romet ry  ( B i e c h l e r ,  1965; R i l e y  and T a y l o r ,  

1968; Z l a t k i n  -- e t  a1 , , 1971 ) were t h e  based f o r  t h e  cho ice  o f  methods. 

A s e r i e s  o f  comparat ive s t u d i e s  were c a r r i e d  o u t  t o  s e l e c t  t he  most 

a p p r o p r i a t e  exchanger f o r  i n c o r p o r a t i o n  i n t o  t h e  f i e 1  d  sampl i n g  un i  t. The 

u t i l i t y  of  c h e l a t i n g  r e s i n s  i n  t h e  a n a l y t i c a l  s e p a r a t i o n  o f  t r a c e  meta ls  

f rom s o l u t i o n s  o f  h i g h  i o n i c  s t r e n g t h  has been demonstrated u s i n g  Dowex A-1 



res ins  ( B i e c h l e r ,  1965; Schmuckler, 1965; Turse and Rieman, 1961).  Chelex 

100 ( p u r i f i e d  form o f  Dowex A-1) was used by R i l e y  and T a y l o r  (1968) t o  

concent ra te  var ious  metal  ions  from sea water ,  i n c l u d i n g  cadmium, chromium 

( C r ( I I I ) ) ,  copper, l e a d  and z i n c  f o l l owed  by ana l ys i s  by atomic absorp t ion .  

S i m i l a r l y ,  Chelex 100 was used by B i e c h l e r  (1965), i n  con junc t i on  w i t h  

atomic absorpt ion,  t o  analyze i n d u s t r i  a1 waste water  f o r  Cu, Zn, Cd, N i  

and Fe ( 4 ) .  Both i n v e s t i g a t o r s  used a f l o w  r a t e  o f  l e s s  than 15 m l  -minml- 

cm-'. R i l e y  and Tay lo r  (1968) used t h i s  f l o w  r a t e  because o f  t he  slow r a t e  

o f  exchange of t h e  r e s i n .  Schmuckler (1965) suggests t h a t  t h e  exchange 

process o f  c h e l a t i n g  r e s i n s  i s  c o n t r o l l e d  e i t h e r  by p a r t i c l e  d i f f u s i o n  o r  

by a second o rde r  chemical r e a c t i o n .  To use t h i s  r e s i n  a t  a f l o w  r a t e  o f  

500 m l  p e r  min t o t a l  would r e q u i r e  a column d iameter  o f  6.5 cm t o  o b t a i n  a 

-1  -2  f l o w  o f  15 ml-min -cm . Th is  d iameter  column was considered i m p r a c t i c a l .  

I n  a d d i t i o n  t o  low f l o w  r a t e s ,  R i l e y  and Tay lo r  (1968) found t h a t  

w i t h  Chelex 100 i t  was necessary t o  b u f f e r  the  sample t o  an "optimum" pH 

which depended upon t h e  metal  o f  i n t e r e s t .  I t  was a l s o  no ted  t h a t  w h i l e  

100% r e t e n t i o n  o f  C r ( I I 1 )  cou ld  be accomplished, 100% e l u t i o n  was never  

observed. A1 though e a r l y  experiments c a r r i e d  o u t  i n  t h i s  s tudy  u s i n g  cad- 

mium sp iked d i s t i l l e d  water  samples showed good r e t e n t i o n  on Chelex 100 

r e s i n ,  i t s  use was abandoned because o f  f l o w  r a t e  cons idera t ions .  

Moore and Reid (1973) descr ibed a technique by which a c r y l i c  f i b e r s  

were impregnated w i t h  manganese ox ide-d iox ide  and subsequent ly used as i o n  

exchangers t o  quan t i  a t i  v e l y  removed r a d i  um f rom seawater. I n  column 

experiments, 90% removal o f  radium was observed a t  f l o w  r a t e s  o f  198 

ml-min-'-cm-* (Moore and Reid, 1973). 

Syn the t i c  c a t i o n i  c and an ion i c  r e s i n  exchangers, w h i l e  n o t  as se lec-  

t i v e  as c h e l a t i n g  exchangers, have a more r a p i d  exchange process (Schmuckler, 



1965). The u t i l i t y  o f  c a t i o n i c  and a n i o n i c  exchangers f o r  t h e  a n a l y s i s  

o f  n a t u r a l  wa te rs  has been demonstrated (S tandard  Methods, 1975, Colmon , 
-1 - 2  1954; Nydahl , 1951). Flow r a t e s  used range f r om 3 ml-min -cm ( 1  ) t o  

55 m l  -mi n- '-cmWL (Nydahl , 1951 ) . 
Both t h e  AG-50W r e s i n  and t h e  manganese f i b e r s  showed n e a r l y  100% 

r e t e n t i o n  o f  cadmium, z i n c ,  l e a d  and copper a t  f l o w  r a t e s  examined (see 

Appendix B ) .  Us ing a  column e l u t i o n  technique,  down f l o w  mode, t h e  man- 

ganese f i b e r  column c o u l d  be e l u t e d  w i t h  s m a l l e r  volumes than  c o u l d  t h e  

c a t i o n  exchange r e s i n  columns (see Appendix B )  . T h i s  has obv ious advan- 

tages s i nce  g r e a t e r  c o n c e n t r a t i o n  can be achieved. The manganese f i b e r  

e l u a t e  a l s o  produced l owe r  no i se  l e v e l s  when analyzed by atomic abso rp t i on .  

However, i t  was observed t h a t  over  t ime,  t h e  manganese f i b e r  column l o s t  

i t s  a b i l i t y  t o  comple te ly  remove d i s s o l v e d  meta l  i o n s  f rom s o l u t i o n s  of  

d i s t i l l e d  wate r .  Th i s  apparent  l o s s  o f  exchange s i t e s  may have been 

caused by some d e a c t i v a t i o n  mechanism o r  by  s imp le  wash o f f  o f  t h e  manganese 

ox ides observed by Moore and Reid ( 1  973).  A c o l  o r  change o f  t h e  f i b e r  

column was observed w i t h  ag ing.  There fo re ,  w h i l e  manganese o x i d e - d i o x i d e  

impregnated a c r y l i c  f i b e r s  show promise as i o n  exchangers f o r  t h e  concen- 

t r a t i o n  o f  d i s s o l v e d  meta l  ions ,  t h e  l o s s  of  exchange c a p a c i t y  l e d  t o  

abandoning them as a  column m a t e r i a l .  

The AG-50W i o n  exchange r e s i n  was adopted f o r  t h e  work desc r i bed  here.  

The r e s i n  has been used t o  e x t r a c t  and separa te  d i s s o l v e d  meta l  i ons  by 

a  number s f  researchers  ( F r i t z  and Abbink, 1965; McCallum and Woodward, 

1966; Strewlow, 1968). To c a l c u l a t e  t h e  exchange c a p a c i t y  necessary f o r  

e x t r a c t i o n  of meta ls  f r om a  10 R sample, expected concen t ra t i ons  had t o  

be es t imated .  These a r e  g i v e n  i n  t h e  I n t r o d u c t i o n  s e c t i o n  (Tab le  2 ) .  

From t h i s  da ta  and t h e  manufacturers  s p e c i f i c a t i o n s  f o r  exchange c a p a c i t y  

3 5  



p r o v i d e  t he  maximum i t  was determined t h a t  l e s s  than  0.1 m l  o f  r e s i n  would 

meta ls  o f  number o f  exchange s i t e s  needed f o r  t he  f i v e  

sample. 

P r e l i m i n a r y  work u s i n g  a  1.0 x  20 cm co 

sub ppm q u a n t i t i e s  o f  Cd, Zn and Pb c o u l d  be 

i n t e r e s t  i n  a  10 a 

lumn (16 m l  r e s i n )  showed t h a t  

e x t r a c t e d  and e l u t e d  u s i n g  

t h e  g r a v i t y  c o n t r o l l e d  down f low mode. Maximum f low r a t e  i n  t h i s  un- 

- 1  -2 p ressu r i zed  system was 20 ml-min-' t o t a l  o r  25 ml-min -cm . Reten t ions  

of  approx imate ly  100% were observed a t  t h i s  r a t e .  Grea te r  than  90% e l u t i o n  

was ob ta ined  w i t h  200 ml o f  1.5 N HC1. Based on t h i s  e l u a n t  volume and a  

sample s i z e  of  10 R ,  a c o n c e n t r a t i o n  by a  f a c t o r  of 50 was achieved. To 

e x t r a c t  a  10 R sample a t  t h i s  f low r a t e  would take  ove r  e i g h t  hours,  so 

t h a t  f a s t e r  f l o w  r a t e s  were necessary t o  be p r a c t i c a l .  Th i s  was accompl ished 

w i t h  an i nc rease  i n  column c ross -sec t i on .  A 2.5 cm column w i t h  a  40 ml 

r e s i n  bed i nc reased  t he  c ross -sec t i ona l  area and t h e r e f o r e ,  t h e  t o t a l  f l o w  

r a t e  by a  f a c t o r  o f  6.25. However, t o  a t t a i n  g r e a t e r  than 90% e l u t i o n  now 

r e q u i r e d  700 ml o f  e l u a n t .  

Another approach, o t h e r  than  column e l u t i o n ,  i s  a  ba t ch  techn ique  

which i s  s imp le ,  based on e q u i l i b r i u m  c o n d i t i o n s  (Do r fne r ,  1972) and o f f e r s  

t h e  advantage o f  work ing  w i t h  s m a l l e r  volumes (He1 f f e r i c h ,  1962).  Strew1 ow 

(1960) used a  ba t ch  techn ique  t o  determine a  s e l e c t i v i t y  s c a l e  o f  c a t i o n s  

f o r  Dowex 50W x  8 i n  s o l u t i o n s  o f  va r i ous  h y d r o c h l o r i c  a c i d  no rma l i  t i e s .  

I t s  u t i l i t y  as an e l u t i o n  procedure was examined i n  t h e  p resen t  s tudy  i n  

o rde r  t o  decrease e l u t i o n  volume. The r e s i n  w i t h  meta ls  absorbed was t r a n s -  

f e r red  t o  a  f l a s k  w i t h  50 ml of  3 N HC1 and a l lowed t o  e q u i l i b r a t e  w i t h  

occas ional  mix in^ f o r  a  minimum o f  24 hours.  Resin and e l u a n t  were separated 

by f i l t r a t i o n  and t h e  r e s i n  washed w i t h  approx imate ly  50 ml of  3 N HC1 

b r i n g  f i n a l  volume t o  100 ml.  Recover ies f rom d i s t i l l e d  w a t e r  sp i kes  a r e  
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shown i n  Table 7. I t  shou ld  be p o i n t e d  o u t ,  as shown i n  Appendix 3,  t h a t  

t he  da ta  i n  Tab le  7 was ob ta ined  by  u s i n g  sub mg/l sp i kes  i n t o  10 k o f  

d i s t i l l e d  wate r  and f l o w  r a t e s  o f  f rom 40 t o  126 rnl-min-1-crn-2 f o r  e x t r a c -  

t i o n .  Ten l i t e r  wa te r  b lanks  were r u n  i n  each case and t h e  da ta  i n  Table 

7 r e f l e c t s  t h e  adjustments made f o r  background. 

A second column o f  AG-1 x  8, 50-100 mesh an ion  exchange r e s i n  was 

i n c l u d e d  t o  c o l l e c t  a n i o n i c  metal  spec ies a f t e r  t he  procedure suggested by 

Pankow -- e t  a l .  (1973).  Rad ioac t i ve  t r a c e r s  have been used t o  eva lua te  i o n  

exchange systems (Moore and Reid, 1973; Szabo and Joensau, 1967) and 

Pankow -- e t  a l .  used cr5 '  ( a  weak gamna e m i t t e r )  as a  t r a c e r  i n  t h e i r  spec ia -  

t i o n  s t u d i e s .  c r5 '  was a l s o  used i n  t h e  p resen t  s tudy  t o  eva lua te  a  dual  

c o l  umn c a t i  on i  c -an i  on i  c  exchange sys tem. Tab1 e  6  shows recovery  o f  C r  5  1  

when t h e  ba tch  e l u t i o n  technique was used. Less than  100% recovery  o f  C r  5  1  

was due t o  t he  i n e f f i c i e n c y  of t he  ba tch  e l u t i o n  techn ique .  The r e s i n  
- - 

e x t r a c t i o n  e f f i c i e n c y  was shown t o  be near  100% f o r  b o t h  C r ( I I 1 )  and Cr04 . 
Na tu ra l  wa te r  samples sp iked  w i t h  known amounts o f  meta l ,  concen t ra ted  

by t h e  i o n  exchange techn ique  and q u a n t i f i e d  by atomic abso rp t i on  gave 

e r r a t i c  r e s u l  t s  because of  t he  i nabi  1 i t y  o f  t he  procedure t o  d i f f e r e n t i a t e  

between n a t u r a l l y  o c c u r r i n g  meta l  and sp i ked  metal  and the  l a c k  o f  c o n t r o l  

over  t he  s p e c i a t i o n  o f  t h e  metal  once t h e  s p i k e  was i n t r oduced .  Spec ia t i on  

was s t u d i e d  by u s i n g  sp ikes  o f  c r5 '  ( b o t h  C r ( I I 1 )  and Cr(V1)) a s  a  t r a c e r .  

Two n a t u r a l  samples ( f r o m  two l o c a t i o n s )  were c o l l e c t e d  and r e t u r n e d  t o  

the  l ab .  One 1  i t e r  a1 i q u o t s  were sp i ked  w i t h  c r5 '  , e q u i l  i b r a t e d  f o r  1 

hour,  pumped through 0.22 pm membrane f i l t e r s  and t h e  i o n  exchange c o l l e c -  

t i o n  system. The r e s i n s  were e luded by t h e  b a t c h  techn ique  and t h e  f r a c -  

ti ons o f  cr5'  as p a r t i c u l a t e ,  c a t i o n i c ,  a n i o n i c  and d i s s o l v e d  non - i on i  c  

were determined. The r e s u l t s  t a b u l a t e d  i n  Table 8 show t h a t  t he  Cr04 - 2 



Table 7. Recoveries wi .th batch elution method. 

7 

Metal % Recovery Mean ~ e d i a  Range 

- - 

* Studies with cr51 tracer. 



T a b l e  8.  Chromium s p e c i a t i o n  i n  n a t u r a l  w a t e r s  s p i k e d  
w i t h  cr51. 

- --- __ 
Sample s o u r c e  

% o f  s p i k e  - 
System Sample Morgan Form Q L  

Exper iment  component  f r a c t i o n  Saxapahaw Creek s p i k ~ .  ' 

F i l t e r  p a r t i c u l a t e  1 

C a t i o n  d i s s o l v e d  
column c a t i o n i c  1 4 

Anion d i s s o l v e d  
column a n i o n i c  88 7 3  

w a s t e  d i s s o l v e d  
n o n i o n i c  ND - 

F i l t e r  p a r t i c u l a t e  6 3  

C a t i o n  d i s s o l v e d  
column c a t i o n i c  G 23 

Anion d i s s o l v e d  
column a n i o n i c  4 2 

w a s t e  d i s s o l v e d  
n o n i o n i c  9 - 

Anion d i s s o l v e d  
column a n i o n i c  92** 82** 

w a s t e  d i s s o l v e d  
n o n i o n i c  26*  - 

4 F i l t e r  p a r t i c u l a t e  d i s t i l l e u  

F i l t e r  p a r t i c u l a t e  1 . 3  w a t c r  

* % o f  C r C 1 3  s p i k e  

**  % o f  NaZCrOq s p i k e  



was c o l l e c t e d  a lmost  e n t i r e l y  as an a n i o n i c  spec ies .  C r ( I I I ) ,  i n  c o n t r a s t  

t o  Cr(V1) , was found ma in l y  as p a r t i c u l a t e ,  b u t  s i  qn i  f i  c a n t  amounts were 

found i n  o t h e r  forms. I n  c o n t r a s t  t o  t he  n a t u r a l  wa te r  samples, sp ikes  

i n t o  d i s t i l l e d  wa te r  showed t h a t  C r ( I I 1 )  i s  n o t  t rapped by t h e  f i l t e r .  The 

r e s u l t s  i n  Table 8 i n d i c a t e  t h a t  a  l a r g e  f r a c t i o n  o f  C r ( I I 1 )  i n t r o d u c e d  t o  

n a t u r a l  wa te r  comes o u t  o f  s o l u t i o n  and t he  remainder p a r t i t i o n s  between 

the  o t h e r  t h r e e  f r a c t i o n s .  

Apparatus Development : Adapta t ions  o f  1  abo ra to r y  s e p a r a t i o n  techniques 

f o r  f i e l d  use r e q u i  r e d  c o n s i d e r a t i o n  o f  rugqedness , low wei gh t  , compactness 

and p o r t a b i l i t y .  As d iscussed above, max imiza t ion  o f  f l o w  r a t e s  was t h e  

c o n t r o l l i n g  f a c t o r  i n  f i n a l  column s i z e .  The columns were s i m i l a r  t o  a  

des ign of  Buelow, Carswel l  and Symons (1973) who used them t o  concen t ra te  

o rgan ics  f r om n a t u r a l  wa te r  u s i n g  g r a n u l a r  a c t i v a t e d  carbon. F igu re  2  g i ves  

t h e  column des ign.  The columns were con 

and w i t h  a  b o r o s i  li cate  g l ass  fri t. The 

i z e d  system and i n c l u d e d  a  head space t o  

t a c t e d  t h e  r e s i n .  

S ince many commerc ia l l y  ava i  1  ab le  f 

t r u c t e d  o f  PVC w i t h  n y l o n  f i t t i n g s  

column was s u i t a b l e  f o r  a  p ressu r -  

t r a p  a i r  b e f o r e  t h e  sample con- 

l t r a t i o n  u n i t s  a r e  e i t h e r  t o o  

smal l  t o  f i l t e r  10 R samples a t  h i g h  f l o w  r a t e s  o r  t o o  l a r g e  and c o s t l y  t o  

be des t royed  f o r  p a r t i c u l a t e  a n a l y s i s ,  a  non-d isposable membrane f i l t e r  

manufactured by Gelman was used and t h e  p a r t i c u l a t e  f r a c t i o n  was n o t  analyzed. 

A 0.2 pm f i l t e r  c a r t r i d g e  w i t h  a  f i l t r a t i o n  area o f  s i x  square f e e t  was 

p laced  i n  l i n e  be fo re  t h e  i o n  exchange columns. A g lass  wool -gas d r y i n g  

tube p r e - f i l t e r  was i n c l u d e d  t o  ex tend  t h e  l i f e  o f  t h e  main f i l t e r .  The 

system i s  shown schema t i ca l l y  i n  F i g u r e  3. 

The system was mounted on a  meta l  chass is  f o r  p o r t a b i  l i ty. The e n t i  r e  

f i e l d  u n i t  f i t t e d  conven ien t l y  i n t o  t h e  r e a r  s e a t  a rea  ( w i t h  sea t  removed) 

of a  Plymouth V a l i a n t  and cou ld  be handled by one man. 



F i g u r e  2 .  F i e l d  i o n  exchange column d e s i g n .  

1. + i n .  M.P.T. t o  % i n .  t u b e  nylon f i t t i n g .  

2. + in .PVC s h e e t  machined f o r c o r r e c t  f i t  and f o r  %in. F.P.T. 

3 .  One h a l f  o f  1% i n .  s c h e d u l e  80 PVC coup l ing .  

4 ,  End c a p  c o n s i s t s  o f  2 and 3 s o l v e n t  welded t o g e t h e r .  

5. 4 0  m b o r o s i l i c a t e  glass  f r i t t e d  d i s c .  

6. F r i t  r e t a i n e r  r i n g ,  

7. 6 i n .  s c h e d u l e  80 PVC n i p p l e .  
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Methods Used: Columns, fri t t e d  d i s c  and r e t a i n e r  r i n g s  were washed 

us ing  tap  water  and brush fo l l owed  by a  24 hour immersion i n  1 :2 HN03. 

Since the  ny lon  f i t t i n g s  were a t tacked by s t rong  ac id ,  they cou ld  n o t  be 

leached i n  a c i d  s o l u t i o n  and were s imply r i n s e d  w i t h  1 :2 HN03 (However, 

before the  f i r s t  use, new end caps themselves were leached i n  1 :2 HN03 

before a t t a c h i n g  the  ny lon f i t t i n g s . )  A d i s t i l l e d  water  r i n s e  and a i r  

d r y i n g  completed the c lean ing  procedure. Reassembly was made w i  t h  T e f l  on 

tape t o  i nsu re  a  water  t i g h t  sea l  and t o  p revent  b i n d i n g  o f  the  threaded 

connect ions. Columns were s to red  w i t h  f i t t i n g s  capped. 

Spent r e s i n  was regenerated i n  b u l k  us ing  a  5.0 cm x 50 cm glass 

column. The r e s i n  was backwashed w i t h  d i s t i l  l e d  water  t o  remove accumu- 

l a t e d  deb r i s  and a l l ow  packing by s i z e  d i s t r i b u t i o n .  Two l i t e r s  of 1.5 

N HCl was used t o  regenerate the  r e s i n  by down f l o w  through the column a t  

approximately 10 rnl/min, f o l l owed  by 4 R o f  d i s t i l  l e d  water .  Resin was 

t r a n s f e r r e d  t o  a  stoppered 500 m l  f l a s k  and s t o r e d  under water.  I n i t i a l  

r e s i n  p repa ra t i on  was preceded by an ove rn igh t  equi 1 i b r a t i o n  under d i s t i  l l e d  

water  t o  hydrate the  r e s i n .  Regeneration was the  same f o r  both c a t i o n  and 

anion res in .  

The f i e l d  columns were packed i n  the  l a b o r a t o r y  and t ranspor ted  t o  

the  f i e l d .  Pre-wash o f  the  empty column i n  the down f l ow  mode under 

vacuum w i t h  d i s t i  l l e d  water  i nsu red  t h e  removal o f  a i r  t rapped beneath the  

f r i t t e d  g lass d isc .  A f t e r  t r a n s f e r r i n g  and a l l o w i n g  the r e s i n  t o  s e t t l e ,  

packing was completed by washing w l t h  d i s t i l l e d  water  under vacuum i n  the  

down f low mode. The column was then f i l l e d  w i t h  d i s t i l l e d  water, the  end 

cap a t tached w i t h  rubber  b u l b  cove r ing  i n l e t  and s t o r e d  i n  an u p r i g h t  p o s i -  

ti on. 



Fie1 d and Laboratory Procedure: An approximately 22 ;9, surface sampl e 

was collected using a 10 >&bucket. The temperature and pH were determined 

from the f i l t e r  and housing 

complete system with sample 

connected and the system wa 

using a mercury thermometer and a portable pH meter. Air was displaced 

foll wed by a minimum one 1 i  t e r  flush of the 

water. The ion exchange columns were then 

s checked for leaks. While in route t o  the ne 

sampling station, a 10 i sample was pumped through the system a t  a flow 

rate of approximately 600 ml-min-' total .  The columns were removed and 

stored upright for transportation back to the lab. 

Columns were drained and the resin transferred t o  an Erlenmeyer flask 

with 50 ml of 3 N H C 1 .  The resin slurry was allowed t o  equilibrate with 

occasional mixing for a minimum of 24 hours. The resin was then separated 

by gravi ty fi l tration through Whatman No. 1 f i l t e r  paper (pre-washed with 

3 N HC1) .  Complete transfer and washing of the resin and flask was with 

aliquots of 3 N H C 1 ,  The f i l t r a t e  was collected for regeneration. Elution 

was the same for bo th  resins. 

Analysis was by atomi c absorption. Using Eppendorf micro-pipetes , a 

suitable range of working standards were prepared from 1000 mg/l stock 

standards, Working standards were diluted with 3 N HC1 and a 3 N HC1 b l a n k  

was used. A standard curve was prepared and sample concentration determined 

from i t ,  A three slot  burner and standard conditions from the instrument 

instruction manual were used. 

Pesticide Study 

Yethod Development 

As stated in the introduction the development of a new sampling and 

extraction procedure for pesticides in water was a major goal of this study* 



A se r ies  o f  developmental experiments was c a r r i e d  o u t  w i t h  XAD-2 r e s i n  

p r i o r  t o  the  c o l l e c t i o n  o f  samples. From t h i s  p r e l i m i n a r y  work a new 

procedure was designed t h a t  cou ld  be u t i l i z e d  i n  the  ac tua l  f i e l d  sampling 

prog ram, 

The i n i t i a l  se r i es  o f  experiments was designed t o  i n v e s t i g a t e  the 

a b i l i t y  o f  XAD-2 r e s i n  t o  e x t r a c t  p e s t i c i d e s  from water  and the  a b i l i t y  

o f  several  so lvents  t o  e l u t e  them from the r e s i n .  I n  these experiments 

XAD-2 r e s i n  was p laced i n  g lass columns ( 6 2  cm long  by 1 .5  cm I D )  t o  a 

he igh t  of about 10 cm (volume o f  17.5 cc; l e n a t h  t o  diameter r a t i o  of 6 . 7 ) .  

D i s t i l l e d  water,  t o  which a known amount o f  p e s t i c i d e  had been added, was 

pumped through the  column a t  a r a t e  o f  200 m i l l i l i t e r s  p e r  minute w i t h  a 

Co le-Parmr  Master-Flex p e r i s t a l t i c  pump. The e f f l u e n t  from the column 

was c o l l e c t e d .  A f r a c t i o n  o f  the  p e s t i c i d e  spiked water t h a t  had n o t  been 

through the  column was a l so  saved, The column was then e l u t e d  by a s i n g l e  

so l ven t  o r  by a s e r i e s  o f  so lvents.  The water  f r a c t i o n s  were e x t r a c t e d  i n  

a separatory funnel  w i t h  d i e t h y l  e the r .  The so l ven t  e x t r a c t s  from both 

water  and r e s i n  were then d r i e d  w i t h  sodium s u l f a t e  and concentrated by 

reduced pressure r o t a r y  evaporat ion.  The e x t r a c t s  were analyzed by e l  ec- 

Won capture gas chromatography. Pes t i c i des ,  concentrat ions,  so lvents  and 

the r e s u l t s  sf these experiments were presented i n  Tab1 e 14 i n  the  Resul t s  

chapter.  

Subseauent columns and a sampling apparatus were made f o r  c o l l e c t i o n  

o f  environmental s a m ~ l e s .  Polyethy lene and polypropylene d r y i n g  tubes 

(Be l -A r t  Products) were used t o  make r e s i n  columns and f i l t e r  tubes. 

Shortened rubber policemen were used t o  cap the  columns. The sampling 

apparatus ( o u t l i n e d  as i n  F igure  2),  c o n s i s t i n g  o f  a frame on which two 

p e r i s t a l t i c  pumps, brackets f o r  t e r e s i n  and f i l t e r  tubes and holders f o r  



two jerricans were mounted, was bui 1 t by the School of Public Health shop. 

Tygon and glass tubing served as conduit for the sample between the pump, 

jerricans and tubes, Nalgene jerricans were used as reservoirs t o  hold the 

samples. An inverter was installed on the vehicle t o  be used on sampling 

trips to provide AC power. During sampling trips the sampling apparatus 

was placed in the back of an automobile where i t  could easily be operated. 

Several experiments were performed to establish the efficiency and 

reliability of this new method. Two ten-li ter  samples of distilled water 

were placed in jerricans and a standard containing the seven pesticides, 

i n  known amounts, added. After shaking for two minutes, the samples were 

pumped through a glass wool f i l t e r  and an XAD-2 resin column a t  a b o u t  300 

milliliters per minute. The f i l te rs  and columns were processed and analyzed 

in the same manner as the field samples. The empty jerricans were rinsed 

with diethyl ether which was concentrated and analyzed. In a similar 

manner samples of Haw River water were spiked and processed during the May 

and June sampling trips. These two experiments were carried o u t  under 

field conditions with environmental samples from stations 4 and 1 .  The 

pesticfdes added, amounts and results are given in Tables 15, 16 and 17 

in the Results chapter. 

Tests of the variability of the new procedure were made by collecting 

environmental samples in triplicate a t  two stations. I n  January a t  station 

2 and in March a t  station 4, three replicate samples were collected. These 

samples were also treated in the same manner as all other samples. Results 

o f  these samples are given in Table 18 in the Results chapter. 

A l i s t  of pesticides with chemical names and suppliers i s  given in 

Table 9. Solvents were either pesticide quality or reagent grade and redis- 

t i l led i n  an al l  glass s t i l l ,  unless otherwise stated. Sodium sulFate was 



TABLE 9 

List of Studied Pesticides with Suppliers 

Pesticide 
- - 

Source 

Diur on 

Trif luralin 

Atrazine 

Methyl parathion 

DDE 

mE) 

DDT 

Toxaghene 

3-(3,4-dichlorophenyl) -1,l-dimethyl- 
urea 

a,a,a-trifluoro-2,6-dinitro-N-N-di-n- 
propyl-p-toluidine 

2-chloro-4-ethylamino-6-isopropyl- 
amino-s-triazine 

0,O-dimethyl-0-p-nitbopkenyl 
phosphorothioate 

l,l-dichloro-2,2-bis-(p-chlorophenyl) 
ethylene 

l,1-dichloro-2,2-bis-(p-chlorophenyl) 
ethane 

1,1,1-trichloro-2,2-bis-(p-chloro- 
phenyl) ethane 

Octachlorocamphene 

EPA* 

EPA 

EPA 

EPA 

Aldrich 

Geigy 

Aldrich 

EP A 

*Quality Assurance Section 
Pesticides and Toxic Substances Effects Laboratory 
EPA Environmental Research Center 
Research Triangle Park, N.C. 27711 



of reagent grade and washed with ether to eliminate any possible PCB con- 

tamination. All glassware was carefully washed with a detergent, rinsed 

sequenti a1 ly with t a p  water, disti 1 led water and commerci a1 grade acetone. 

The glassware was then dried in a 200°C oven t o  combust or drive o f f  any 

remaining organic contaminants. No contamination from glassware was noted 

during this project. 

Field Sampling 

Prior to each sampling t r ip  resin columns and glass wool f i  1 ters 

were prepared. The columns were prepared from drying tubes, with small 

plugs of glass wool a t  each end and contained approximately 10 cc of XAD-2 

resin. On the basis of the work of Harvey (19731, this amount of resin 

added should have the capacity for a t  least 700 pg of total pesticides. 

The columns were rinsed with disti l  led water t o  remove the methanol and  

wet the resin and then were capped with rubber policemen. Filters were 

made by placing large plugs of glass wool in drying tubes. The f i  1 ters 

were rinsed with pesticide quality acetone and distilled water. The jerri-  

cans and tubing were washed with detergent and rinsed, sequentially, with 

t a p  water, dist i l led water and acetone, 

Upon reaching the sampling s i t e ,  the water sample was collected and 

transferred to a jerrican, Since i t  was impossible t o  completely seal the 

tubes, the above negative pressure mode of operation was chosen because 

any leaks in the pumping train would result in a i r  coming in rather t h a n  

water leaking o u t .  The pumping rate varied depending upon engine speed 

(the current output of the DC/AC converted nu1 1 ified the pump controls), 

b u t  averaged a~proximately 300 mill i l i ters per minute, On most occasions 

10 l i te rs  of water was sampled, th rough  for several samples smal ler  volumes 

were extracted, due t o  clogging of the f l l te rs  and columns or insufficient 



sample. The water  was then discarded; and the  f i l t e r s  and columns s to red  

on i ce .  The samples were r e f r i q e r a t e d  upon r e t u r n  t o  the  l abo ra to ry .  

E x t r a c t i o n  and Concentrat ion 

The f i l t e r  and r e s i n  columns were e l u t e d  and analyzed separa te ly  i n  

the l abo ra to ry ,  The XAD-2 r e s i n  was e x t r a c t e d  i n  a  batch- type opera t ion  

i n  125 m l  separatory funnels.  The r e s i n  was washed o u t  of the  d r y i n g  tube 

w i t h  a  25 ml p o r t i o n  o f  d i e t h y l  e t h e r  i n t o  the  separatory funne l  and a l lowed 

t o  s tand f o r  an hour  t o  enable the  e t h e r  t o  thorough ly  con tac t  t he  r e s i n  

beads. The m ix tu re  was shaken f o r  t e n  minutes on a  w r i s t - a c t i o n  shaker. 

The e t h e r  was dra ined i n t o  a  glass-stoppered Erlenmeyer f l a s k .  The e l u t i o n  

was repeated w i t h  another  25 ml p o r t i o n  o f  e t h e r  and ten  minutes o f  shaking. 

The e t h e r  f r a c t i o n s  were combined and s to red  under r e f r i g e r a t i o n  f o r  l a t e r  

c lean ing .  

The g lass wool used as f i l t e r s  and as p lugs f o r  the  r e s i n  columns was 

combined f o r  each sample and p laced i n  g lass-stoppered f l a s k s .  A 25 m l  

p o r t i o n  o f  e t h e r  was added t o  each, t he  g lass wool compressed w i t h  a  g lass 

rod  t o  remove bubbles and t o  submerge the  g lass wool i n  the  e the r .  The 

f i l t e r  was then a l lowed t o  soak i n  e t h e r  f o r  a t  l e a s t  24 hours i n  the 

r e f r i g e r a t o r .  The e t h e r  was then poured o f f ,  us ing  a  g lass r o d  t o  squeeze 

ou t  as much as poss ib le ,  The g lass wool was then soaked w i t h  a  second 25 

m l  p o r t i o n  o f  e t h e r  f o r  several  minutes. This  e t h e r  f r a c t i o n  was then 

poured o f f  and combined w i t h  the  f i r s t  f r a c t i o n  and r e f r i g e r a t e d  u n t i  1  

t ime f o r  concent ra t ion .  

A l l  samples, bo th  f i l t e r  and r e s i n  e x t r a c t s ,  were concentrated i n  t he  

same manner. The e x t r a c t s  were p laced i n  a -70°C f r e e z e r  t o  f reeze water  

o u t  o f  the e ther .  The e t h e r  was then poured off i n t o  the  chamber o f  a 

Kuderna-Dani s  h  evaporator.  Four mi 11 i l i t e r s  o f  hexanes were added and a 



three-ball Synder column attached to the Kuderna-Danish flask. The sol u- 

tion was fluxed over a steam bath until the volume was reduced to about  

four  mill i l i ters.  The volume was adjusted to four mill i l i ters and the 

extract decanted into screw cap tubes with Teflon liners and refrigerated. 

Analysis 

Electron capture gas-liquid chromatography was the method of analy- 

s is .  A Perkin-Elmer Yodel 900 gas chromatograph equipped with a Ni 63 

detector was used for a11 analyses, An Infotroni cs Model CRS-208 electro- 

nic digital integrator and printer provided retention times and relative 

peak areas. A Westronics strip chart recorder produced traces of the sample 

chromatograms, Table 10 1 i s ts  the gas chromatographic (GC) parameters t h a t  

were used i n  this study. Experimentation with several GC columns deter- 

mined that 3% OV-1 liquid packing provided separation of al l  seven pesti- 

cides that were to be monitored. Temperature programming of the GC oven 

improved peak resolution and shortened the analysis time. Because of the 

great difference in temperatures a t  which diruon and DDT were eluted from 

the column, this factor was very important. Jonas (1974) found the use 

of nitrogen as the carrier gas with the electron capture detector i n  the 

pulse mode t o  produce excellent results. 

Cal i brati on curves for each compound were prepared using b o t h  peak 

height and peak area (integrator counts) by least squares regression. In 

this study peak area proved to be very unreliable due t o  the limited 

response characterjstics of the integrator, The integrator tended t o  

choose as the baseline the low p o i n t  of the depression following the 

solvent peak, so that peak area counts were erroneous. A more stable 

baseline migh t  have made the integrator useable. A11 quantifications of 

pesticides were based on peak height. Jani k (1975) reported peak height 

5 0 



TABLE 10 

Analy t i ca l  Gas Chromatographic Parameters 

Gas Chromatograph 

I n t e g r a t o r  

Recorder 

Column Temperature Program 

I n j e c t o r  Temperature 

Detector  Temperature 

C a r r i e r  Gas 

Detector  

Detector  Voltage 

So l id  Support 

S t a t i o n a r y  Phase 

Column Dimensions 

Column Mate r ia l  

Amplif ier  

Attenuation 

Perk in  E l m e r  Model 900 

I n f o t r o n i c s  Model CRS-208 

Westronics: 1 mv 

I n i t i a l  1 3 0 ' ~  ( 1  minute) 
Inc rease  a t  12'C/minute 
F i n a l  1 9 0 ~ ~  (10 minutes) 

Nitrogen (zero  gas grade) 

E lec t ron  cap tu re  ( ~ i c k e l  63) 

Pu l se  mode, C Channel 
(50 v o l t s ,  1 psecond dura t ion)  

60-80 mesh Gas-Chrom-Q R 

Length 180 cm 
Outside Diameter .635 an 
I n s i d e  Diameter . 2  cm 

Glass 



t o  be as p rec i se  and cheaper and eas ie r  t o  determine than peak area. Grant 

and Clarke (1974) found e l e c t r o n i c  i n t e g r a t i o n  most p rec i se  where peaks 

are completely separated and the  base l i ne  s tab le .  They r e p o r t  peak he igh t  

t o  be o f  comparable p r e c i s i o n  and l e s s  a f fec ted  by l ong  term v a r i a t i o n s .  

The c a l  i b r a t i o n  curves prepared f rom peak h e i g h t  are found i n  Appendix A 

(Figures A-1 t o  A-7). 

A t  t h e  beginning o f  each day's analyses an i n j e c t i o n  o f  hexanes was 

made t o  check f o r  p roper  opera t ion  of t he  gas chromatograph. Several i n j e c -  

t i o n s  of standards were made t o  measure the  s e n s i t i v i t y  o f  t h e  detec tor .  

These i n j e c t i o n s  were used t o  o b t a i n  a  c o r r e c t i o n  f a c t o r  f o r  t he  s e n s i t i v i t y  

f o r  t h a t  day t o  be used i n  c a l c u l a t i n g  p e s t i c i d e  q u a n t i t i e s .  A s i n g l e  

i n j e c t i g n  o f  each sample was made except when there  appeared t o  be contami- 

n a t i o n  o f  t h e  system. A t  t he  end o f  t h e  day's analyses another i n j e c t i o n  

o f  standards was made t o  detern ine  i f  de tec to r  s e n s i t i v i t y  had changed. 

Using the c a l i b r a t i o n  curves, t h e  q u a n t i t y  o f  each p e s t i c i d e ,  i dent i  - 
f l e d  on the  Basis o f  r e t e n t i o n  t ime, was ca l cu la ted  from the  peak he igh t ,  

a f t e r  c o r r e c t i o n  f o r  s e n s i t i v i t y .  The q u a n t i t y  o f  p e s t i c i d e  i n j e c t i o n  was 

incorpora ted i n t o  a  c a l c u l a t i o n  i n c l u d i n g  sample s ize ,  e x t r a c t  vo l  ume , 

i n j e c t i o n  volume and the  c o r r e c t i o n  f a c t o r  f o r  t h e  e f f i c i e n c y  o f  t he  ex t rac-  

t i o n  procedure t o  determine the  ac tua l  pesticide concent ra t ion  i n  the  

i n i t i a l  water  sample. A sample c a l c u l a t i o n  i s  presented i n  F igure  4. The 

actual  data o f  t he  environmental mon i to r i ng  work i s  g iven i n  the  Appendix 

and summarized i n  the  Resul ts  chapter.  

An at tempt was made t o  v e r i f y  the  p e s t i c i d e  i d e n t i f i c a t i o n s  by use of 

a  gas chromatograph coupled t o  a  mass spectrometer. For t h i s  purpose a  

number o f  sample e x t r a c t s  w i t h  s i m i l a r  chromatograms were combined i n t o  two 

composite simples and f u r t h e r  concentrated. These two samples were then 



Figure  4 .  Sample C a l c u l a t i o n  Showing C a l c u l a t t o n  of Disso lved  DDT 
i n  S t a t i o n  5  i n  A p r i l  1975. 

Peak a t  606 seconds (DDT r e t e n t i o n  t ime - 607 seconds)  

Peak h e i g h t  measured a t  21 mm 

S e n s i t i v i t y  c o r r e c t i o n  f a c t o r  1 . 3  

I n j e c t i o n  volume 1 m l  

E x t r a c t  volume 3 ml 

Water sample volume 10g 

E x t r a c t i o n  c o e f f i c i e n t  f o r  DDT 5 

Cor rec t ed  peak h e i g h t  2 1  mm x 1.3 27.3 rn 

Amount i n  i n j e c t  i o n  64 Pg 
(from c a l i b r a t i o n  curve)  

Amount i n  o r i g i n a l  wa te r  sample 6 4  pg/mB x  3 m l  + 10 1 = 19 ng/B 
(assuming 100% recovery)  

Amount i n  o r i g i n a l  wa te r  sample 19 n g / l  x 5 = 95  ng/B 



taken to a laboratory a t  the National Inst i tute of Environmental Health 

Sciences for  the analysis. No pesticides were identified by this  analysis 

due t o  insufficient concentrations to be detected by the mass spectro- 

meter, 

Resin Cleaning and Handling Procedure 

The procedure for cleaning and handling the resin was found t o  be of 

great importance. The procedure in i t i a l ly  used to clean XAD resin was 

found to be ineffective, This procedure was a sequential Soxhlet extrac- 

tion of the resin by diethyl ether,  acetonitr i le  and methanol for two 

hours each. This method i s  similar to  that used by Junk 3 a. (1974).  

Some of the resin may have dried out, a condition Junk notes can lead to 

contamination because the fragile beads tend to break u p  exposing new 

surf aces. 

Experimentation with the XATI resin cleaning procedure revealed that 

shaking resin that had been used to extract environmental samples with 1 

N NaOH and 1 N HC1 before the Soxhlet extractions improved the effective- 

ness of the cleaning. The NaOH noticeably removed yellow color from the 

used resin. These f 

procedure along wi t h  

Table 11. 

indings were incorporated into a new resin c 

longer extraction times. This procedure i s  

1 eani ng 

given in 



TAmE 11 

Gleaning Procedure for  W - 2  Resin 

Wash i n  1 M NaOH. 

h s e  with high quality d i s t i l l e d  water, 

Wash i n  1 bT HC1. 

Rinse W e e  with high quality d i s t i l l e d  water, 

th  methanol in Soxhlet for  a t  l eas t  eight 

th acetoni tr i le  w Soxhlet for at  leas% eight  hours, 

tA diethyl ether i n  SoxhBet for a t  least ef 



RESULTS 

Metals 

The dissolved metals analyzed were c lass i f ied  as anionic or  cattonic 

depending upon the column on which they were collected. Cationic species 

of a l l  f ive  metals were observed. Anionic species were observed only fo r  

chromium, zinc and cooper. Mean dissolved metal concentrations and ranges 

are shown in Tables 12 and 13 by sample s ta t ion .  Figure 5 shows these 

mean concentrations plotted vs. mileage upstream from the mouth of the Cape 

Fear River (concentration units in Figure 5 have been adjusted so as t o  

maximize variations from s i t e  to  s i t e ) .  

In a1 1 cases, the mean cationic species concentration a t  s i t e  10 i s  

less  than the mean concentration a t  s i t e  1 ,  Anionic species of copper 

and zinc were rather constant with only copper showing a very s l i g h t  

increase a t  s i t e s  2-7 (range of none detected to  1.8 pg/l throughout r iver  

system). Anionic chromium was increased sharply around Greensboro and 

Burlington and gradually dropped off a t  s i t e s  downstream. Anionic chromium 

was detected a t  a l l  s i t e s  except s i t e  1 and ranged i n  concentration from 

none detected a t  s i t e  1 t o  21.5 vg/l a t  s i t e  2. Cationic chromium ranged 

from none detected a t  s i t e  10 a t  16.4 ug / l  a t  s i t e  4.  Lead had the broadest 

concentration range (1.1 pg/l to  74.0 ug/l ) , followed by Z n ,  Cr, Cu and Cd 

in that  order. 

A t  s i t e s  1-5, the general order of abundance of the f ive  metals based 

on the mean of a l l  samples i s  Zn > Pb  > Cu o r  Cr , Cd. Cu i s  greater  a t  



Table 12. Means and ranges of dissolved cationic metal 
species. 

Metal 

Cd Cr cu ~b Zn 

S i t e  
# 

Mean (1.19/1) 
kange Cw/U 

ND = None detected. 



Table 13. Means and ranges of dissolved anionic metal 
species. 

._ 

Metal 

Cr Cu Zn 

ND = none detected. 

58 





s i t e  3 w h i l e  C r  i s  g r e a t e r  a t  1, 2 ,  4 and 5. The o r d e r  f o r  s i t e s  6-10 

i s  Pb o r  Zn Cv > C r  Cd showing t h e  importance o f ' l the  chromium removal 

mechanism. A t  s i t e s  6 ,  7 and 9 l ead  i s  g r e a t e r  than z i n c  > w h i l e  z i n c  i s  

g rea ter  a t  s i t e s  8 and 10. 

Temperature and pH were monitored and t h i s  da ta  i s  i nc luded  i n  Appendix 

C. I n  general,  temperature was a  f u n c t i o n  o f  season and was e leva ted  a t  

s i t e s  2 and 6 p o s s i b l y  due t o  Greensboro's waste a t  s i t e  2 and c o o l i n g  

water  d ischarge f rom the power p l a n t  and/or i n d u s t r i  a1 d i  scharge above 

s i t e  6. The lowest  temperature recorded was 2°C a t  s i t e  1  and t h e  h ighes t  

was 33°C a t  s i t e  6. The pH was g e n e r a l l y  s l i g h t l y  a c i d i c  and tended t o  

be h i g h e r  downstream o f  the  Greensboro-Burl ington area r e l a t i v e  t o  s i t e  1. 

S t a t i o n  10 was observed t o  be more a c i d i c  than upstream areas perhaps 

r e f l e c t i n g  the  e f f e c t  o f  t he  h i g h l y  co lo red  drainage from the  surrounding 

swampy areas. The h ighes t  observed pH was 7.9 a t  s i t e  7 and t h e  lowest  

was 5.8 a t  s i t e  10. The importance o f  pH as a  t r a c e  metal c o n t r o l  mecha- 

nism, p a r t i c u l a r l y  i n  p o o r l y  b u f f e r e d  n a t u r a l  systems, has been i n d i c a t e d  

(Gadde and Kar t inen , 1974). 

Pes t i  c i  des 

XAD-2 E x t r a c t i o n  and E l u t i o n  Data 

Resul ts  o f  the  i n i  t i  a1 se r ies  o f  experiments, conducted t o  i n v e s t i g a t e  

the  usefu lness o f  XAD-2 r e s i n  f o r  t he  i s o l a t i o n  o f  p e s t i c i d e s  f rom water,  

are presented i n  Table 14. Both the  e f f i c i e n c y  o f  t he  r e s i n  i n  removing 

p e s t i c i d e s  f rom water  and t h e  e f fec t i veness  o f  severa l  so lvents  i n  e l u t i n g  

these adsorbed p e s t i c i d e s  f rom the r e s i n  were measured. The t r a p p i n g  

e f f i c i e n c y  of  t he  r e s i n  f o r  a l l  p e s t i c i d e s  t e s t e d  was a t  l e a s t  90%. E l u t i o n  

percentages were more v a r i a b l e  and i n  general  l e s s  than the  t r a p p i n g  e f f i -  

c ienc ies .  The e l u t i o n  e f f i c i e n c y  o f  toxaphene was p a r t i c u l a r l y  poor  -- 17%. 




























































































































































































