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Pb s t r a c  t 

The potential  of  aquat ic  insec t s  f o r  monitoring heavy metals i n  North 
Carol i na streams and r i v e r s  was i nvesti gated. The caddisf ly ,  Hydropsyche 
sp. and the  midgefly, Chironomus sp. ,  both common i n  North Carolina Rivers, 
were exposed t o  a wide range of  aqueous cadrni u m ,  chromium and z inc  
concentrations under laboratory and f ie1 d conditions. The r a t e s  o f  
accumulation and 1 oss o f  t he  t e s t  metals a s  well a s  t he  equilibrium metal 
concentrations i n the  t e s t  species a t  a given metal exposure level  were 
determined. The e f f e c t s  of o ther  biol ogical a rid chemical f ac to r s  i ncl uding 
water temperature, chemical speciat ion of the  metal s , concentrat ions of 
competing metal s ,  sediment metal concentrat ions and organism weight on t h e  
metal accumulation of  t he  organisms were a1 so  evaluated. 

Chironomus sp.  was found t o  accumulate a l l  t h r ee  metals t o  a greater  
ex ten t  than Hydropsyche sp. ,  although a strong l i n e a r  re la t ionsh ip  was noted 
between aqueous and organi sm metal concentrat ions over the  concentration 
range used f o r  both organisms. Metal equilibrium between organisms and 
water was a t t a ined  with one t o  th ree  days i n  a l l  cases.  Equilibrium 
organism metal concentrat ions increased with increasing water temperature 
f o r  a given aqueous metal concentration. The r a t e  o f  metal r e l ea se  
following t rans fe r  of  exposed organisms t o  metal f r ee  water was 
s ign i f ican t ly  slower f o r  Hydropsyche sp .  This c h a r a c t e r i s t i c  would i ndi c a t e  
a greater  u t i l  i t y  of  Hydropsyche sp. f o r  stream metal monitoring. Elevated 
organism metal concentrations were observed f o r  3 t o  12 days following 
exposure depending on organism species and metal exposure level  . Sediment 
and organi sm metal concentrat ions were posi t ive ly  cor re la ted ,  a1 though 
information was l imi ted by the  exclusion of  sediments from the  laboratory 
metal exposure systems. 

Chemical speciat ion of  cadmium was no t  observed t o  s i gn i f i c an t l y  a f f e c t  
organism metal uptake i n these  experiments. The presence of  po ten t ia l ly  
competing metal s were n o t  found t o  s i  gni f icanty a f f e c t  organi sm metal 
accumulation except i n one case  where t he  presence of a very high 
concentration o f  Z n  reduced Cd and Cr uptake i n both t e s t  species .  Organi sm 
metal concentration was found t o  decrease with increasing organism weight a t  
1 ow aqueous metal concentrat ions,  however this t rend disappeared a t  higher 
metal exposure 1 eve1 s . 

The s trony r e l a t i  onstiip between water and organism metal concentration 
and the  r e l a t i ve ly  slow l o s s  of  organism bound metal following exposure 
i ndicate t h a t  organism monitoring of  heavy metals i n streams should be a 
time and c o s t  e f f ec t i ve  method of screening North Carolina streams and r i v e r  
f o r  heavy metal discharges. 
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SUkMARY AND CONCLUSIOIdS 

The purpose of t h i  s invest igat ion was t o  determine the  sui t ab i l  i t y  of 
u s i n g  aquatic i n s e c t  1 arvae i n  monitoring heavy metal discharges i n  North 
Carolina streams and r i v e r s .  The r a t e s  of  accumulation and re lease  of 
cadrriurn, chromium and z inc  a s  well a s  t he  f a c t o r s  influencing equil ibrium 
metal concentrat ions i n  two species o f  aquat ic  i n sec t s  common t o  North 

~ Carol ina r i v e r s  were s tudi ed under 1 aboratory and f i e l  d condit ions.  
Metal concentrat ion o f  the  surrounding water column (both dissolved and 

t o t a l )  was found t o  be t he  s i ng l e  most important va r iab le  a f f ec t i ng  

I who1 e-body metal concentrat ions o f  the  midgefly, Chironomus sp. , and the  

I caddis f ly ,  Hydropsyche sp. Other physical , chemical and biological  f a c to r s  
~ which were determined t o  s i gn i f i c an t l y  i nfl uence organism metal 

concentrat ions were water  temperature, organism weight, sediment metal 
concentrat ions,  species  o f  i n sec t ,  and a t  very h i  gh metal concentrat ions,  

i the  concentration of competing metals. 
Organi sm metal concentrat ions were found t o  decrease w i t h  decreasi ng 

water temperature. Organi sn metal concentrat ions increased w i  t h  decreasing 
organism weight a t  low metal exposure level s b u t  the  e f f e c t  disappeared a t  
higher exposure l e v e l s ,  suggesting a change i n  t h e  primary modes o f  metal 
uptake between low and h i g h  exposure l eve l s .  Sediment and organism metal 
concentrat ions were found t o  be s i gn i f i c an t l y  pos i t ive ly  cor re la ted  f o r  Cd 

and Cr i n  the  t e s t  streams, b u t  the  e f f e c t  was no t  studied a t  the  higher 
1 aboratory exposures s ince  no sediments were added t o  t he  1 aboratory 
systems. No s i g n i f i c a n t  cor re la t ion  was observed between organi sm and 
sediment z inc  concentrat ions,  presumably due t o  t he  high background z inc  
1 evel s occurring i n t h e  t e s t  species.  Chi  ronomus sp . was found t o  
accumulate a1 1 three metals t o  s i  gni  f i c an t l y  higher 1 evel s than Hydropsyche 
sp. f o r  a given water metal exposure level  . These r e s u l t s  a r e  i n agreement 

w i t h  Shuman e t a1 . , (1 977) who found sediment-associated i nsect  species  such 
a s  Chironomus t o  have t he  highest  metals  level  o f  th i r ty-nine  species 
studied . 



The presence of other heavy metals was not observed t o  inh ib i t  the 

accumulation of Cd, Cr and Zn over a relat ively large range of 
concentrations. In one experiment where zinc was added i n excess of 3000 
ug/l, a decrease i n  Cd and Cr accumulation i n  both insect  species was 
observed, i ndicati ng  t h a t  metal competition coul d occur under extreme 
conditions . 

Equil ibrium organism metal concentrations were observed t o  be a 1 inear 
function of to ta l  and dissolved water metal concentrations over a water 
concentration range of 0 t o  58 vg/l for  cadmium; 0 t o  117 vg/l f o r  chromium 
and 0 t o  785 g/l fo r  zinc,  concentrations ranges covering nearly a1 1 stream 
metal pol 1 u t i  on s i tua t ions  of practical i nterest .  

No s igni f icant  difference i n  Cd uptake by Hydropsyche sp. was observed 
depending on whether cadmium was present a s  the f r ee  i on o r  conlplexed with 
NTA. 

The kinet ics  of  metal release by the t e s t  species was studied under 
fie1 d conditions. The metal release process appeared t o  be approximately 
f i r s t  order i n most cases. El evated metal concentrations were observed i n 
the t e s t  species f o r  two t o  fourteen days following cessation of metal 
exposure depending on the 1 eve1 of exposure, type of metal, and species of 
insect.The r a t e  of metal release was greater i n  Chironomus sp. than i n  

Hydropsyche sp. indicating the greater potential of Hydropsyche sp.  a s  
stream metal monitoring organi sms. Cadmium and zinc were re1 eased more 
rapidly from both species than was chromium. Water temperature d i d  not 
s ignif icant ly a f f e c t  the cadmium release r a t e ,  b u t  the loss  of chromium 
occurred more rapidly a t  1 ower water temperature. 

Multivariate s t a t i s t i c a l  models were constructed t o  estimate water metal 
concentrations from organism metal data and other water qua1 i ty parameters. 
Water metal concentration and temperature were found t o  be the most 
s ignif icant  variable i n determining organism metal concentrations. A model 

using organism metal concentration and an interact ion term between organism 

metal concentration and water temperature was found t o  best  f i t  the 
experimental data fo r  estimati ng dissolved and to ta l  water metal 

concentrations. Th i s  model has the form: 

Water Metal 
, $ + 

Conc . (pg/ l )  - b 
$ [Organism metal, Organism metal / T e m p ( ~ C  
1 Conc. (vg/g) + [concentration 

x i i i  



and i s  designed t o  be a conservative model providing a minimum estimate of 
water metal concentrations based on organism metal data. 

The primary potential advantage of using aquatic i  nsects t o  monitor 
heavy metal s i n  streams and r ivers  l i e s  i n  the a b i l i t y  of the organisms t o  
re f lec t  the occurrence of elevated metal 1 eve1 s i  n the water column previous 
t o  the time of sampling. The r e su l t s  document the strong l inea r  association 
between organism and water metal concentrations, a s  well a s  the  re la t ive ly  
extended length of time elevated water metal concentrations a re  reflected i n  

the t e s t  species under actual f i e l d  conditions. This can be of practical 
use in  stream monitoring of heavy metals. The aquatic insect  species used 
in t h i s  study a r e  readily found in  most North Carolina streams a t  nearly a1 1 
times of year. 

Further refinements of the predictive models of stream water metals a r e  
needed through tes t ing  on independent r iver  systems and additional 
temperature and sediment metal data.  A t  the very 1 eas t ,  however, the 
r e su l t s  presented here strongly indicate tha t  stream monitoring of aquatic 
insects  should be a time and cos t  e f fec t ive  method of screening r ive r s  f o r  
periodic heavy metal discharges prior t o  more intensive stream sampling. 





Heavy metals i n  aquat ic  environments have been intensively  studied i n  

r ecen t  years  1 argely a s  a r e s u l t  of  concern about t h e i r  t o x i c i t y  i n  drinking 
water, s ignif icance i n  natural biogeochemical cycles  and long term e f f e c t s  

on human heal t h .  Much of the  recen t  research on heavy metal s  i  n e s tuar ine  
and marine systems (Phelps e t  a l . ,  1969; Bapt is t  and Lewis, 1969; Wolfe, 
1974; Banus e t  a l . ,  1975) and i n  1 ake environments (Lucas e t  a l . ,  1970; 
Leland and Shimp, 1974), has been concerned with the  f i s h e r i e s  of  these 
systems. However, most of  our domestic and indus t r i a l  wastes a r e  discharged 
t o  streams and r i ve r s .  As waters containing these e f f l uen t s  a r e  used 
increasingly f o r  agricul tura l  , i  ndustrial and recreat ional  uses a s  we1 1 a s  
f o r  drinking water, a  more thorough understanding of the d i s t r i bu t i on ,  f a t e  
and cycling w i t h i n  both t he  ab io t i c  and b i o t i c  components o f  1 o t i c  
environments i  s  increasingly important. As a consequence the  actual and 
potential  adverse e f f e c t s  of heavy metals i n drinking water on human heal th  
have become a subject  of considerable research (Tard i f f ,  1972; Maugh, 1973; 
Craun and McCabe, 1975). 

A knowledge of the  source, environmental a l t e r a t i o n ,  and f a t e  o f  metal 
pol lutants ,  a s  well a s  baseline condit ions i s  necessary f o r  any e f fec t ive  
program o f  water qua1 i t y  management. This information can bes t  be obtained 
by a comprehensive and continuous water qua1 i t y  monitoring system. There i s  

pa r t i cu la r  need f o r  a heavy metal monitoring program i n  North Carolina where 
waste discharges from the  t e x t i l e ,  e lec t ron ic ,  p la t ing  and painting 
i ndustries discharge metal s such a s  arsenic ,  cadmium, chromium, copper, 
lead and zinc.  Due t o  the  var iable  nature of the  aquatic system i n t o  which 
these metals a r e  introduced, however, i t  has not been f ea s ib l e  t o  design an 
e f fec t ive  program t o  monitor t r a ce  metal d i s t r i bu t i on  and f luctuat ion.  

The physical and chemical modes of  heavy metal t r anspor t  i n  r i v e r  
systems have been studied by several invest igators  (Durum and Haffty, 1963; 
Andelman, 1973; G i  bbs ,  1973; Angio and Schneider, 1975). Andelman (1 973) 
found a high v a r i a b i l i t y  i n  metal concentration a t  both micro- and 
macro-geographic l eve l s .  Stream metal concentrat ions a l s o  have been noted 
a s  a function of  d i f f e r i ng  r a t e s  of  runoff (Angio e t  a l . ,  1969), o r  
var ia t ions  i n  flow (Durum and Haffty, 1963; Williams e t  a l . ,  1973; Andelman, 



1973). Increased flow can e i t h e r  increase o r  decrease metal concentrat ions 
dependi ng on t he  metal . Metal s such a s  chromium and i ron which a r e  
primarily associated w i t h  suspended p a r t i c l e s  a r e  i ncreased i n concentration 
during high flow due t o  resuspension of  sediments whil e o thers  such a s  
cadmium which a r e  primarily i n t h e  dissolved phase a r e  decreased due t o  
d i lu t ion  during high flow (Andelman, 1973). If metal i n p u t s  a r e  primarily 
due t o  point  discharges,  they a r e  normally d i l u t ed  by increased flow. 
Changes i n  pH (O'Connor, 1968) and organic matter (Jacobs and Keeney , 1974; 
Cooper, 1974) may a l s o  change t h e  concentration and specia t ion o f  heavy 
metal s .  ~ e n n e '  (1968) has suggested t r ace  metal concentrations may be 
s ign i f ican t ly  con t ro l led  by adsorption on o r  occlusion w i t h i n  i r on  and 
manganese hydrous oxides. Andelman (1973) postulated t h a t  changes i n water 

+2 +2 
hardness ( [ C A  1 + [Mg 1) may a f f e c t  t r a c e  metal concentrat ions by an 
ion exchange mechanism w i t h  adsorbing surfaces.  

As a r e s u l t  o f  t h e  high natural  va r iab i l  i  ty  of  most 1 o t i c  systems, a s  
described above, i t has proven very di f f i cu l  t t o  monitor s h o r t  and long term 
heavy metal stream 1 oading and t o  e f f ec t i ve ly  enforce heavy metal discharge 
regulations.  This problem can become even more pronounced when metals a re  
discharged only i n termit tant ly ,  a s  i s  of ten t h e  case  with metal discharging 
indus t r i es .  

A more complete assessment of  surface water qua1 i ty  requ i res  an 
examination of  biological  cha rac t e r i s t i c s  a s  we1 1 a s  physical and chemical 
parameters. The Federal Water Pollution Control Act Amendments of 1972 have 
ca l l ed  f o r  t he  development o f  biological parameters t o  monitor point  
discharges. The use o f  biological  monitors f o r  heavy metals requ i res  t h a t  
the  se lected organisms must r e f l e c t  both s h o r t  and long term var ia t ions  i n  

stream metal concentrations. A1 so t h e  organisms should be r e l a t i v e l y  

s ta t ionary  t o  assure  t h a t  they r e f l e c t  t he  t r ace  metal condit ions of  the  
s t r e t ch  they occupy. 

In con t r a s t  t o  t h e  extensive research concerning t he  a b i o t i c  f ac to r s  
control 1 i ng metal d i s t r i bu t i ons  i n r i v e r  systems, the re  i s 1 imi ted 
information on f a c t o r s  control l i  ng metal concentrat ions i n  f r e sh  water 
organisms and t h e i r  possi bl e importance i n t h e  cycl ing o f  metal s i n the  
aquatic environment. Several i nvestigations have examined t h e  d i s t r i bu t i on  
of  metal s between sediments, water and benthic macroi nvertebrates (Mi nogue, 
1972; Bai nbri dge e t a1 . , 1973; Louti t, 1975; Anderson, 1977) . Mi nogue 



(1972) and Shuman e t  a l . ,  (1977) s tudied t h e  d i s t r i bu t i on  o f  metals i n  
aquatic insec t s  from the Haw River, North Carolina with Shuman finding t h a t  
aquatic i  nsect 1 aw ae re f lec ted  known i ndustrial  i  n p u t s  o f  chromium and 
antimony more c l ea r ly  than di d the  abiot i  c phases studied.  

Biological accunulation o f  metals can occur through a number o f  poss ible  
modes including: 

1 . Adsorption and ca t ion  exchange t o  exposed surfaces.  

2. Absorption o f  metals by di f fus ion o r  absorption through membranes. 

3. Ingestion and ass imila t ion of food material  

Phel ps e t  a1 . , (1 969) and Leland and McNurney (1 975) observed a cor re la t ion  
between feeding hab i t s  and d i s t r i bu t i on  of Pb, Fe, Mn and Zn i n  marine 

benthic macroinvertebrates. Metal concentrat ions were found t o  be highest  
i n  t he  lower trophic l eve l s .  Biomagnification of  metals does not  seem t o  be 
a s i gn i f i c an t  mechanism o f  t ranspor t  except i n  t h e  case  o f  Hg which i s  
highly soluble i n  l i p i d s  (Armstrong and Hamilton, 1973). Similar trends 
were observed by Smock (1 979) i n an extensive study of  t he  e f f e c t  o f  feeding 
type on the  accumulation of e i g h t  metal s by 39 species o f  aquatic i n sec t s  i n  

the  Haw River, blorth Carolina. Metal 1 evels were 1 owest i n  carnivorous 
species and highest  i  n those most cl osely associated with sediments. He 

found a s i  yni fican t cor re la t ion  between sediment and organism metal 
concentrations f o r  species which d i r ec t l y  inges t  sediments. When who1 e-body 
metal concentrations were deterrni ned f o r  species which burrow b u t  do no t  
d i r ec t l y  inges t  sediments, no metal uptake from sediments was observed. 
Thi s f i  ndi ng i s i  n agreement w i t h  t h e  work of  Dean (1 974) who found uptake 
of sediment-bound Zn-65 t o  be i n s ign i f i c an t  r e l a t i v e  t o  uptake of  dissolved 
Zn-65 i n  t ub i f i c id s .  

Several s t ud i e s  suggest t h a t  surface  adsorption and cat ion exchange may 
be t he  most important mode o f  accumulation f o r  many species of benthic 
macroi nvertebrates (Ge tsova and Vol ka, 1962; Kormandy, 1965; Bapt is t  and 
Lewis, 1969; Dean, 1974; Nehring, 1976; Ray and Trip, 1976). Kormandy 
(1 965) observed a decrease i n Zinc-65 Uptake with i ncreasing body weight i n 
t he  dragonfly larvae Pl atemi s 1 ydi a suggesting t h a t  uptake was primarily 

through surface  adsorption s ince  t he  surface a rea  t o  weight r a t i o  of  t h e  
organism decreases w i t h  increasing s i ze .  Smock (1979) observed the  same 

t rend f o r  nearly a l l  t h e  aquat ic  i nsects s tudied and suggested t he  s i z e  



e f f e c t  was due t o  both the  increase of  surface  t o  weight r a t i o s  f o r  smaller 
insec t s  a s  well a s  changes i n  type and s i z e  of ingested pa r t i c l e s .  I t  has 
a l s o  been noted t h a t  equilibrium between dissolved metals and organisms i s  
reached r e l a t i ve ly  quickly i n the  range of one t o  three  days which a1 so 
suggests t h e  importance of surf  ace adsorpti on ( Kormandy , 1 965; Ray and 
Tripp, 1976). Lebedeva (1962) found t h a t  chironomid larvae reached 
equilibrium w i t h  a strontium-89 solut ion within twenty-four hours. In 
probably the  only controi led f i e l  d study on the  uptake and l o s s  of 
radionucl ides,  Watson e t  a1 . , (1 969) s tudied t he  1 oss and accumulation of 
various radionucl ides  by t he  biota  below the  Hanford Reactor following i t s  
shutdown f o r  s i x  weeks and subsequent s t a r t up .  While no t  conclusive, t he  

data indicated a var ia t ion  i n  the  l o s s  and accumulation r a t e s  among 
d i f f e r e n t  radionucl ides and species ,  probably due t o  d i f f e r e n t  modes of  
accumul a t ion  and re tent ion by the  organisms. 

Nehring (1976) studied the  accumulation o f  Pb,  Zn ,  Cu and Ag by a 
s tonef ly  and mayfly under laboratory and f i e l  d conditions. Equil i br ium 

between water and t e s t  species was found t o  be rap id ,  and t h e  organisms were 
found t o  quan t i t a t ive ly  r e f l e c t  changes i n  dissolved water metal 
concentrations. Metal concentraction f ac to r s ,  Organism ConcentrationIWater 
Concentration, were found t o  be r e l a t i ve ly  cons i s ten t ,  w i t h  some decrease 
occurring a t  very high metal exposure 1 evel s. Aquatic metal concentrat ions 
used i n  Nehring ' s  study, however, were f a r  higher than concentrat ions of 
concern general l y  found i n stream metal pol 1 ution s i  tuations.  A 1 a t e r  study 
by Nehri ng e t  a1 . , (1979) found t h a t  f i e l  d derived organism-water 
concentrat ions f ac to r s  coul d be used t o  p red ic t  stream 1 ead concentrat ions 
i n  a lead pol 1 uted stream w i t h  the  same accuracy a s  d i r ec t l y  analyzi ng water 
samples by atomic absorption spectrophotometry . 

There i s evidence t h a t  organic complexation of  metal s may e f f e c t  the  
uptake of  dissolved metals by aquatic organisms. Dodge and Theis (1979) 
found t h a t  copper accumulation by the  midge f l y  Chironomus tentans  was 
g rea t ly  inh ib i ted  when t he  copper was i n  t h e  form of  a copper-glycine o r  
copper-NTA complex. Uptake o f  inorganic compl exes such a s  a copper-hydroxy 
complex d i d  occur qu i t e  readi ly .  D I I t r i  e t  a1. (1971) and Karbe e t  a1. 
(1 975) have observed decreased organism metal 1 evel s associated w i t h  

increased 1 evel s of  dissolved organic matter. Pol doski (1 979) s tudied t h e  

e f f e c t s  of various organic and inorganic che la to rs  on the  accumulation of 



dissolved cadmium by a species of Daphnia. In most cases Cd uptake was 
decreased by compl exation re1 a t ive  t o  the free ion, however, one compl exi ng 
agent diethyldi thiocarbamate, actual ly  i ncreased the degree of  
bioaccumulation re la t ive  t o  the free Cd ion. 

Objectives and Scope 
The present study considered the uptake and 1 oss of cadmium, chromium 

and zinc by two common species of aquatic insects  i n the laboratory and a t  
f i e l d  s i t e s  within the Neuse River watershed. Cadmium, chromium and zinc 

a re  important heavy metal pollutants in  North Carolina streams and r ivers .  
Cadmium i s used extensively i n the electroplat ing and 1 ong-1 i f e  battery 
industr ies  and a lso  enters  streams from runoff of phosphate f e r t i l i zed  
agricultural  areas. Chromi um i n i t s  hexa-valent forms (chromate and 
dichromate) i s  employed by the t e x t i l e  industry a s  an oxidant for  fixing 
cer tain dyes, and i n i t s  t r iva len t  form a s  a mordant. Chromate i s a1 so used 
in  electroplating baths. Zinc i s  discharged primarily by the 
electroplating, metal f inishing and rubber manufacturing i ndustries. The 
Neuse River watershed was chosen fo r  study on the basi s of the 1 arge amount 
of pre-existing biological,  physical and chemical data (Weiss e t  a l . ,  1973) 
which indicated tha t  a wide variety of stream conditions from relat ively 
undisturbed t o  highly polluted existed within the watershed. Elevated 
levels  of some of the t e s t  metals had been observed and the t e s t  organisms 
had been found t o  be abundant. 

R e  present study had the following objectives: 
To experimentally determine the equilibrium concentrations of Cd, Cr 
and Zn resul t ing i n  the t e s t  species from a given aqueous dissolved 
metal exposure over the  range of concentrations of practical i nterest .  
To identify and quantify other fac tors  such a s  water temperature, 
metal speciation, substrate metal concentration, organism species, 
metal competition and organism s i ze  which m i g h t  e f f e c t  the 
accumulation of metals by the t e s t  species. 
To experimentally determine the kinet ics  of organism metal re1 ease 
fol lowing exposure under f ie l  d conditions. 
To determine the feasibi l i t y  of using aquatic insect  larvae to  
monitor Cd, Cr and Zn concentrations i n  North Carolina r ivers .  



MATERIALS A N D  METHODS 

Metal Analyses 
Determi nati on of 1 ow 1 evel metal concentrations i n stream water and 

organisms (following digestion) were carr ied out using a Perkin-Elmer TM 

Model 305 atomic absorption spectrophotometer equipped w i t h  a 
TM Perkin- El mer HGA 2200 graphite furnace and a deuteri um a rc  background 

corrector. A perkin- o merTM Model 560 atomic absorption spectrophotometer 
with a singl e s l o t  burner head was used fo r  analysis of stream water and 
organi sm digests  containing higher metal 1 evel s. Absorbances were recorded 
on a Perkin-flmer Model 56 s t r i p  chart  recorder. Perkin-Elmer electrodeless 
discharge 1 amps were used for  zinc and cadmium, and chromium was determined 
w i t h  a singl e element holl ow cathode 1 amp. 

Fi el d Me thodol ogy 
Test species. Four species of aquatic i nsects common t o  the r ive r s  of  

North Carolina were used i n thi s study. 
The nymphs of the may f l y ,  Stenonema rubrum (Ephemeroptera: 
Heptagenii dae) a re  detrivore-herbi vores often abundant i n 
medi um-s i zed streams. 
The nymphs of the may f l y  Ephemerell a ( Ephemeroptera: Heptageniidae) 
a r e  detrivore-herbivores very similar t o  Stenonema rubrum. 
The 1 arvae of the caddis f l y  Hydropsyche sp.  (Trichoptera: 
Hydropsychidae) a r e  herbivores commonly found i n f a s t  flowing 1 arger 
streams and ri vers. 
Midge f l y  larvae of the species Chironomus sp, (Diptera: 
Chironomidae) can become extreme1 y abundant i n slow f l  owing streams 
w i t h  s i l t y  bottoms. They a re  especially common i n organic enriched 
sections such as below sewage treatment plants.  

A t  1 eas t  one of these species, o r  a very s imilar  species, can usually be 
found i n  most streams and r ivers  of North Carolina and thus were available 
fo r  periodic collection. A1 1 four species were used du r ing  the i ni t i a l  
f ie1 d s t u & ,  b u t  only Chironomus sp. and Hydropsyche sp. were selected for  
the 1 aboratory s t u d i  es. 



Field col lect ion.  Beginning i n September, 1977 e ight  sampl ing s ta t ions  
were established on the Neuse River, North Carolina and on several of i t s  
t r i  Sutaries ( Fi gure 1 1. The Neuse River watershed was chosen f o r  study 
because consi derabl e chemical and biological data were avail abl e on t h i  s 
watershed from preinpoundment s tudies  of a proposed reservoir (Weiss e t  a l . ,  
1973). Sampling s ta t ions  were located a t  o r  near the s ta t ions  used i n  t h i s  
e a r l i e r  i nvestigation. 

A1 1 s ta t ions  were sampled nine times from September, 1977 t o  June, 1978 
a t  approximately one month interval s .  Samples of a1 1 availabl e aquatic t e s t  
species were coll ected a t  each s i t e  t o  be analyzed f o r  cadmium, chromium and 
zinc content. Organisms when collected were placed i n  7 ml glass v i a l s  
contai n i n g  2 t o  4 ml of strearnwater and were immediately packed i n i ce .  
Water samples were taken a t  each s ta t ion  i n  125 ml polyethylene bot t les .  
These samples were divided i nto f i l t e r e d  and nonfil tered samples by passing 
half the sample through an acid cleaned 0.45 u  ill iporeTM f i l t e r ,  and 
both portions were immediately packed i n ice .  On return t o  the laboratory 
a1 1 samples were immediately frozen a t  -28'~ t o  minimize loss  of metal s t o  
contai ner wall s .  

Organism samples, except for  Chi ronomus sp.,  were co l l  ected w i t h  forceps 
e i ther  from natural substrates such a s  submerged rocks and branches o r  from 
Hester-Dendy mu1 t i p l a t e  samplers which were placed a t  the s ta t ions  a t  the 
beginning of the study. These were constructed from pressed wood blocks such 
t h d t  no metal surfaces were exposed. Colonization occurred within two 
months on a1 1 samplers. The Hester-Dendy samplers had the advantage of  
a1 lowing organisms t o  be collected even under high flow conditions when 
natural substrates were not accessible, since they were fastened by a 1 ine 
t o  t r ees  on the stream bank and could thus be pulled out of the stream. 
Extraordinarily high stream flow during winter and ear ly spring, 1978 made 
organism col l  ection even w i t h  the Hester-Dendy col l  ectors impossible on 
several occasions when the samplers were washed u p  onto the stream bank o r  
covered with debris. 

Chironomus sp. col lect ions were made by scraping a f 
d i p  net through the surface layer  of s i l t y  sediments and 
contents i nto a dissecting pan from which the Chironomus 
removed. 

ine mesh (0.75 m m )  
dumping the 
sp. specimens were 





From May 23, 1978 t o  June 20, 1978 water and organism samples were 
co l l ec ted  da i l y  a t  s t a t i o n s  6 ( Ellerbee Creek) and 7 ( Eno River) t o  
determine whether day-to-day water metal f 1 uctuations would be r e f1  ected i n 
the  metal t e s t  species.  

Analytical Procedures 
Preparation o f  Organisms. Organisms s to red  i n t h e  7 ml g l a s s  v i  a1 s were 

thawed and sor ted  under a d i  s sec t i  n g  microscope accordi ng  t o  species.  
Organisms which were damaged o r  which had adhering p a r t i c l e s  o f  subs t r a t e  
t h a t  coul d not  be removed were discarded. The remainder were removed w i t h  

tef lon-coated forceps,  r insed  b r i e f l y  i n  deionized water ,  and placed on 
aci d-cleaned g l a s s  p e t r i  dishes.  The organisms were then oven dr ied  a t  

6 5 ' ~  f o r  f i v e  hours. After  cool ing,  each organism was i ndividually 
TM 

weighed on a Mett ler  ana ly t i ca l  balance t o  t h e  nea r e s t  0.1 mg. 
Organisms of  t he  same species  were separated i n t o  two o r  more s i z e  
ca tegor ies  depending on t h e  number o f  organisms ava i l ab l e  and t h e  range o f  
weights represented. Thi s was done so  t h a t  t h e  e f f e c t  o f  organism weight on 
metal content  could be examined. A n  at tempt was made t o  have each s i z e  
sample cons i s t  of  a t  l e a s t  four  individual s. Since a1 1 s i z e  ca tegor ies  were 
usually no t  ava i l ab le  a t  a pa r t i cu l a r  s t a t i o n  and t ime,  co l l e c t i ons  which 
yie lded organisms of  s i gn i f i c an t l y  d i f f e r e n t  weights were used t o  calcul a t e  
s i z e  correct ion f ac to r s .  On several occasions, f i v e  rep1 i c a t e  t e s t  species  
samples were prepared, using organisms of  the  same species  and weight c l a s s  
from a p a r t i c u l a r  s t a t i o n ,  i n order  t o  determine t h e  natural  va r i a t i on  i n  

metal content. 
The next  s t e p  i n  t h e  organism preparation protocol was t o  p lace  each 

organism sample i n  a 25 ml aci d cleaned polyethylene bot t l  e and add 4.0 ml 
of  1+1 n i t r i c  ac id .  The mixture was heated a t  8 0 ' ~  f o r  one hour and 
allowed t o  stand f o r  a t  l e a s t  48 hours before analys is .  The digested sample 
typ ica l ly  y ie lded a c l e a r  so lu t ion  w i t h  a small amount o f  undissolved s i l i c a  
granules on t he  bottom of  the  container.  Reagent blanks f o r  t he  organism 

d i  ges t  samples were prepared by f o l l  owi ng a1 1 procedures f o r  organism 
preparation except  f o r  addi t ion o f  the  organi sms. The metal concentration 
of t h e  reagent blank which contained t h e  sum of  metal from t h e  n i t r i c  a c i d ,  

the  d i  s t i l led-deionized water and the  conta iner ,  was subtracted from a1 1 
d ige s t  samples. 



TM 
M a l i n k r o f t  ACS reagen t  grade and Baker U l  t r e x  n i t r i c  a c i d  were found  

TM t o  add s i g n i f i c a n t  r eagen t  b l anks  t o  t h e  d i g e s t s .  The Baker Ul  t r e x  was 

found t o  be  p a r t i c u l a r l y  h i g h  i n  chromium c o n c e n t r a t i o n  ( 20 g l l ) .  
A py rex  g l a s s  b o i l i n g  d i s t i l l a t i o n  apparatus was c o n s t r u c t e d  u s i n g  a  

round  bo t t om f l a s k  and ground g l ass  condenser. The d i s t i l l a t i o n  p roduc t  was 
c o l l e c t e d  i n  ac id -c leaned  po l ye thy l ene  con ta i ne rs .  I n i t i a l l y  t h e  d i s t i l l e d  

a c i d  con ta i ned  s i g n i f i c a n t  meta l  concen t ra t i ons  due t o  l e a c h i n g  f r om t h e  

apparatus,  however w i t h  con t i nued  use t h e  p roduc t  n i t r i c  a c i d  was found  t o  

c o n t a i n  s t a b l e  and v e r y  low meta l  l e v e l s  (Maas and Dressing, 1981).  O f  f i v e  

meta ls  determined i n  t h e  p roduc t  a c i d  (Cd, Cu, C r ,  Pb, Zn), z i n c  

concen t ra t i ons  showed t h e  g r e a t e s t  v a r i a b i  1  i t y .  Thi s  was p robab l y  due t o  

, a i r b o r n e  con tam ina t i on  s i n c e  t h e  connec t ion  between t h e  condenser and 

c o l l e c t i o n  b o t t l e  was k e p t  unsealed t o  p reven t  a  b u i l d u p  o f  pressure.  The 

use o f  t h e  d i s t i l l e d  a c i d  f o r  sample d iges t ion ,wh ich  cons ide rab l y  reduced 

reagen t  b l ank  c o n t r i b u t i o n s ,  s i g n i f i c a n t l y  improved a n a l y t i c a l  r e s u l t s  

p a r t i c u l a r l y  f o r  t h e  b a s e l i n e  s t ream organism samples. 

Heavy Meta l  A n a l y s i s  b y  G raph i t e  Furnace Atomic Absorp t ion  Spect rophotometry  
( GF AAS ) 

Cadmium. I ns t r umen t  parameters were v e r y  s i m i l a r  f o r  a n a l y s i s  o f  b o t h  

water  and organism d i g e s t s .  Adsorp t ion  was measured a t  228.8 nm u s i n g  t h e  

deu te r ium a r c  background c o r r e c t o r .  T y p i c a l l y  20 t o  40 1  o f  wa te r  sample 

was used w h i l e  10 1  was g e n e r a l l y  s u f f i c i e n t  f o r  organism d i g e s t s .  For  a  

wa te r  sample d r y i n g  f o r  10 seconds p l u s  1 second pe r  m i c r o l i t e r  was a t  
n 

~ O S " C ,  w h i l e  f o r  organism d i g e s t  t h e  d r y i n g  t i m e  was 20 seconds p l u s  1  
0 

second pe r  m i c r o l i t e r .  Samples were ashed f o r  20 seconds a t  400 C f o r  

d i g e s t s  and 2 5 0 ' ~  f o r  wa te r  samples. A tom iza t i on  was conducted a t  
0 

2100 C f o r  8  seconds. S l  i t  w i d t h  was 0.7 nm and t h e  argon c a r r i e r  gas was 

ma in ta i ned  i n  t h e  3-second normal f l ow  mode a t  approx imate ly  30 m l l m i n  

un less  g r e a t e r  s e n s i t i v i t y  was needed i n  which case t h e  3-second i n t e r r u p t  

f l o w  mode was used. 

Chromium. Adso rp t i on  was measured a t  357.9 nm w i t h o u t  use o f  background 

c o r r e c t i o n .  20 t o  80  1  o f  wa te r  were used and 10 1  o f  d i g e s t s  was 

g e n e r a l l y  s u f f i c i e n t  f o r  q u a n t i t a t i o n .  D r y i n g  c o n d i t i o n s  were i d e n t i c a l  t o  

t hose  used f o r  cadmium. Ashing was done f o r  15 seconds a t  1 0 5 0 ~ ~  wh ich  



eliminated nearly a l l  matrix mate r ia l s  and enabled ana lys i s  t o  be done 

w i  thout background correct ion.  Atomi ra t ion  was performed a t  2700'~ i n 
e i t h e r  normal o r  i n t e r rup t  flow mode. 

Zinc. Zinc determinations on water samples containing 1 ess  than 20 vg/l - 
Zn were performed by GFAAS. Only 10 111 o f  sample was generally required. 
Absorption was measured a t  21 3.9 nm w i  t h  background correct ion.  Samples 

were d r i ed  a t  1 O ~ O C  f o r  15  seconds, ashed a t  5 0 0 ~ ~  f o r  10 seconds and 
atomized w i t h  argon gas i n  e i t h e r  normal o r  i n t e r r u p t  mode f o r  8 seconds a t  
2 5 0 0 ~ ~ .  Samples w i t h  h i g h  Zn concentrat ions i ncluding a1 1 organism d ige s t s  
were determined by flame AAS a t  213.9 nm. 

Heavy metal concentrat ions i n  the  t e s t  spec ies  were calcula ted by 
mu1 t i p l y i  n g  the  determi ned metal concentration o f  t h e  di  ges t by the  weight 
of t h e  d i g e s t  divided by t he  dry wei ght o f  t h e  organisms t o  obta in  t h e  
organism metal concentration i n micro-grams of  metal per gram of organism 
dry weight. 

Laboratory- Fi el d Experiments 
The i n i t i a l  f i e l d  work c l e a r l y  indicated t h a t  Cd, Cr and Zn 

concentrat ions d i d  no t  reach high enough level s and exhibi ted  too  much da i ly  
v a r i a b i l i t y  t o  allow f o r  d i r e c t  f i e l d  assessment o f  organism metal response 
over the concentration range and w i t h  t h e  precision desired.  Therefore a 
s e r i e s  o f  experiments were conducted wherein t h e  t e s t  species  were exposed 
t o  careful  1 y control l e d  aqueous metal concentrat ions i n t h e  1 aboratory under 
condit ions simulating those  o f  the  f i e l  d. Fol lowi ng exposure t h e  exposed 
organisms were returned t o  t he  f ie1  d and the  desorption of metal s c lose ly  
f o l l  owed under  f i e l d  condit ions.  The experimental design was a s  follows. 

For th ree  18-21 day periods (October 3 t o  October 20, 1978; July 11 t o  
Ju ly  30, 1979; August 1 5  t o  September 4, 1979) water ,  subs t r a t e  and organism 
samples were co l l ec ted  da i l y  a t  two se lected s i t e s  i n the  Neuse study area.  

TM Water sampleswere taken by a Sigmamotor automatic samplerwhichyie lded 
24 hour composited samples taken hourly. 

Test species  s tudied were Chironomus sp .  from Sta t ion  6 (El lerbee  
Creek), and Hydropsyche sp.  from Sta t ion  7 (Eno River) and from a s t a t i o n  
es tabl ished on Morgan Creek above t he  Chapel Hi l l  Wastewater Treatment 
Plant. Substrate material s associated w i t h  Hydropsyche sp. were taken by 
scraping the  area  o f  rock from which an individual  organism had been 



sampled. T h i s  scraping generally i ncl uded t h e  organism's dwel l i  ng s t r u c t u r e  
and net .  Subst ra tes  from Sta t ion  6 were co l l ec ted  by taki  ng sediment cores 
and removing t h e  t o p  1 cm which consis ted  mainly o f  f i n e  s i l t .  This was t he  
zone where nearly a1 1 - Chironomus sp . organisms were normal 1 y found. Stream 
water ana ly s i s  included pH, temperature, conduct iv i ty ,  D O ,  TOC, Ca, s u l f a t e ,  
ch lo r ide ,  s i l i c a t e ,  Total-Pas well a s  Cd, Cr and Zn. 

On t he  t h i r d  o r  four th  day o f  t he  sampling period stream water from the  
two s i t e s  was brought i nto t h e  1 aboratory i n 20 1 acid-cleaned Nal gene TM 

containers.  Five 1 i t e r s  o f  t h i  s stream water was added t o  each of s i x  20 1 
acid-cl eaned aquariuw, t h r ee  f o r  each stream. To each aquar ia  varying 
amounts of  cadmium, chromium and z inc  were added and a1 lowed t o  equ i l i b r a t e  
f o r  twenty-four hours. Cadmium and z inc  were added i n  t h e  form of  n i t r a t e  
s a l t s  (Baker Reagent Grade), and chromium was added a s  K Cr 0 The 

2 2 7' 
aquaria metal concentrat ions f o r  t h e  th ree  experimental s e t s  a r e  shown i n  

Tables 1 and 2. On t h e  following day a 1 arge number o f  t h e  two aquat ic  
i n sec t  l a rvae  taxa  were co l l e c td  from each of t he  two s t a t i o n s  and placed i n  

t h e  aquaria f 01 1 owing t he  equi 1 i brat ion period. Chi ronomus sp .  were 
co l l ec ted  from Ellerbee Creek (S ta t ion  6 )  and wdropsyche sp. from the  Eno 
River (S ta t ion  7 )  and Morgan Creek. 

Two independent experiments were done f o r  each o f  t h e  t h r e e  s t a t i o n s .  
Typically 40 t o  60 wdropsyche sp. and 70 t o  100 chironomids were placed i n  

each aquarium. In Experiment #1 (10-3-78 t o  10-20-78) a l l  organisms were 
placed di rect1  y i n t o  t he  aquaria. However i t was discovered t h a t  
s i gn i f i c an t  predation occurred between Hydropsyche sp. upon being confined 
t o  t he  a rea  of t h e  aquaria.  For t h i  s reason i n  Experiment #2 and #3, 

TM Hydropsyche sp. were placed i n small 0.5 mm mesh Nytex nylon bags 
suspended i n t o  t he  aquari a from a wire g r id  covering t he  top  ( Figure 2) .  
This e f f ec t i ve ly  i s o l a t e d  t h e  organisms from one another while s t i l l  
a1 1 owi ng f r e e  movement, and con tac t  w i t h  the  solut ion.  Whil e t he  measure 
e l  iminated predation,  i t was 1 a t e r  discovered during water metal ana ly s i s  
t h a t  the  nylon bags adsorbed a s i g n i f i c a n t  f rac t ion  o f  the added metals over 
the  next  48 hours before coming t o  equil ibrium w i t h  t h e  so lu t ions .  T h u s  t h e  

metal concentrat ions given i n Tables 1 and 2 a r e  the  actual  measured 
concentrat ions and a r e  t h e  average o f  days 4, 5 and 6 of exposure a t  which 
time no f u r t h e r  l o s s  by adsorption was observed t o  occur. A control 
experiment was s e t  u p  w i t h  condit ions iden t ica l  t o  those  o f  Experiment #3  



Table 1 

Measured Aquaria Metal Concentrat ions* f o r  
Hydropsyche sp.  Laboratory Exposure Experiments 

Water From Eno River and Morgan Creek 

Eno River - S t a t i o n  7 

Experiment 1 10-6-78 t o  10-12-78 

Metal 

Aquaria Metal Concentrat ion ( u g / l )  
Exposure A Exposure B Exposure C 
Di sso l  ved Total Dissol ved Total Di s s o l  ved Total  

Experiment 3 8-18-79 t o  8-24-79 

Morgan Creek 

Experiment 2 7-14-79 t o  7-19-79 

Aquaria Metal Concentrat ion ( p g / l )  
Exposure A Exposure B Exposure C 

Metal Dissolved Total  D i  s so l  ved Total D i  s so l  ved Total  

Experiment 3 8-20-70 t o  8-24-79 

*Mean concen t r a t i on  of  Days 4,  5 and 6 



Table 2 

Measured Aquaria Metal Concentrations* for 
Chironomus sp. Laboratory Exposure Experiments 

Water from El lerbee Creek Station 6 

Experiment 1 10-6-78 t o  10-12-78 

A n ~ m r i a  Metal Cnnrentratinn ( i i n / l \  

Exposure A Exposure B Exposure C 
Dissol ved Total Dissol ved Total Dissol ved Total 

*Mean concentration of Days 4, 5 and 6 



Wire Grid 

Figure  2 .  Sketch o f  Exposure Aquaria and Method f o r  Hanging Nytex Bags 
f o r  Organism Immersion. 



b u t  without added organisms t o  ver i fy  t h a t  nylon bag adsorption could 

account f o r  the  observed metal concentration decrease. 
The organisms were kept  i n  t h e  metal spiked aquaria so lu t ions  f o r  s i x  

days i n  Experiment #1 and f i v e  days i n  subsequent experiments w i t h  th ree  t o  
seven organisms sampled from each aquaria each day. The aquaria were kept  
a t  t h e  temperature of t h e  stream water a t  t h e  time of organism co l l  ec t ion 
e i t h e r  i n  a constant  temperature room o r  a t  bench top.  The water  was 
s t i r r e d  w i t h  a magnetic s t i r r i n g  bar a t  a r a t e  simulating the  r a t e  o f  flow 
of t he  stream s t a t i o n  a t  t h e  time o f  co l l ec t ion .  A twelve hour day-night 
cycle  was maintained throughout t he  experiments w i t h  1 i ght  and timer. Water 
samples were taken from the  aquaria each day and analyzed f o r  a l l  parameters 
1 i s t e d  previously f o r  the  stream s t a t i ons .  Organism samples were placed i n  

g l a s s  v i a l s  containing a small amount o f  aquaria water and immediately 
frozen . 

One question considered was whether sediments should be added t o  t h e  
aquaria t o  more c lose ly  simulate stream condit ions.  I t  was decided t h a t  
such a system would be extremely d i f f i c u l t  t o  control s ince  o the r  s t u d i e s  
(Smock, 1979) have shown t h a t  sediments may take  weeks and even months t o  
equ i l i b r a t e  w i t h  water  under laboratory condit ions.  A compromise system was 
chosen where no sediments were added, b u t  the  stream water was used without 
f i l t r a t i o n .  The part icul  a t e s  which s e t t l e d  i n  t h e  corners  o f  t h e  aquar ia  
along w i t h  those suspended i n  the  water provided what appeared t o  be an 
ample amount of food f o r  t h e  oganisms while keeping the pa r t i cu l a t e  surface  
a rea  small enough t o  allow the  system t o  come t o  equilibrium w i t h i n  two t o  
th ree  days without excessive 1 oss of  dissolved metal. 

lhe  da i ly  f i e1  d sampling during t h e  laboratory exposure period provided 
a comparison o f  background 1 eve1 metal con ten t  o f  stream organisms w i t h  

those exposed i n  the  laboratory ,  a s  well a s  t he  i n i t i a l  metal condit ions o f  
the  organisms previous t o  exposure. Fol 1 owing t he  1 aboratory exposure 
period the  remaining organisms were removed from the  aquari a and returned t o  
t h e i r  r espec t ive  stream s i t e s  i n  1 arge 0.50 mm mesh Nytex bags which a1 lowed 

f r e e  passage o f  water and suspended p a r t i c l e s  b u t  prevented escape of t he  
1 aboratory exposed organisms. Natural subs t r a t e s  such a s  rocks were p l  aced 
i n  t h e  bags t o  allow a re tu rn  of the  organisms t o  natural stream condit ions 
a s  well a s  t o  secure  t h e  bags t o  t h e  stream bottom. The bags were t i e d  by 
color-coded l i n e s  t o  t r e e s  on the  stream bank. Daily co l l e c t i on  of both 



base1 i n e  organisms f rom t h e  stream and 1 aboratory exposed organisms from t h e  
n y l o n  bags proceeded u n t i l  the  metal con ten t  o f  the  exposed organisms had 

re tu rned  t o  base1 i n e  1 eve1 s o r  u n t i l  a1 1 t h e  exposed organisms had been 

c o l l e c t e d .  This organism metal l o s s  da ta  was used t o  determine the  k i n e t i c s  

o f  metal  re lease  and t o  determine a r a t e  cons tant  f o r  t h e  process under 

f i e l  d condi ti ons . 
These 1 aboratory experiments were designed so t h a t  a number o f  poss ib le  

f a c t o r s  e f f e c t i n g  t h e  e q u i l  i b r i u m  organism metal con ten t  coul  d be studied.  

One experimental  s e t  was r u n  a t  s i g n i f i c a n t l y  1 ower temperature 

( 1 0 . 7 - 1 2 . 5 ~ ~ )  than t h e  o t h e r  two s e t s  (22.7-25.3'~) so t h a t  t h e  e f f e c t  

o f  temperature on metal  accumulat ion coul  d be determined. I n  Experiment #2 

cadmium concen t ra t i on  was k e p t  cons tan t  and t h e  amounts o f  chromium and z i n c  

w ide l y  v a r i e d  so t h a t  i t coul d b e  determined whether excess C r  and Zn would 

i n h i b i t  Cd uptake over  t h e  experimental  range. 

As i n  t h e  f i e l  d experiments organisms were grouped by we igh t  and a l a r g e  

amount o f  da ta  was generated comparing metal  c o n t e n t  o f  1 a rger  and sma l l e r  

organisms exposed t o  i d e n t i c a l  cond i t i ons  over  a wide range o f  metal 

concentrat ions.  Prepara t ion  o f  l abo ra to ry  exposed organisms f o r  meta l  

ana lys i  s was i d e n t i c a l  t o  t h a t  p rev ious l y  descr ibed f o r  f i e l  d samples. 

Laboratory Stud ies  on  E f f e c t  o f  C a h i u n  Spec ia t ion  on  Uptake b y  Hydropsyche ~ e ,  
Some r e c e n t  work has suggested t h a t  metal  uptake by  organisms may be 

i n f l uenced  by  t h e  chemical form o f  t h e  metal (Dodge and Theis, 1979; 

Poldoski,  1979). To i n v e s t i g a t e  whether such an  e f f e c t  needed t o  be 

considered i n  t h e  uptake o f  Cd, C r  and Zn by  aqua t i c  i n s e c t s  i n  Nor th  

Carol ina streams, a l a b o r a t o r y  s tudy  was done on  t h e  e f f e c t  o f  chemical 
spec ia t i on  on t h e  accumulat ion o f  cadmium f rom s o l u t i o n .  The concen t ra t i on  
o f  f r e e  cadmium i o n  was v a r i e d  wh i l  e t h e  t o t a l  cadmium concen t ra t i on  was 

k e p t  constant .  Th i s  c o u l d  n o t  be  accomplished u s i n g  n a t u r a l  stream water  
s ince  f o r  t h e  chemical form o f  t h e  metal t o  be accu ra te l y  c a l c u l a t e d  the  

chemical composi t ion o f  t h e  s o l u t i o n  must be  known. 

Four 1 i t e r s  of a prepared i norgani c medi a were added t o  t h e  experimental  

aquaria. To t h i s  v a r y i n g  concent ra t ions  o f  cadmium and NTA were added t o  

c r e a t e  ranges o f  t o t a l  cadmium and f r e e  cadmium concent ra t ions  i n s y n t h e t i c  

media s u i t a b l e  f o r  t e s t i n g  t h e  e f fec ts  o f  chemical spec ia t i on  on  metal  

accumulation by  Hydropsyche sp.. The t o t a l  media cons is ted  o f  



d i s t i  11 ed-deionized w a t e r  sp iked  w i t h  concen t r a t ed  s tock  s o l  u t i o n s  o f  
phosphate b u f f e r ,  calcium c h l o r i d e ,  potassium c h l o r i d e ,  magnesium s u l f a t e ,  

potassium b i ca rbona te ,  sodium c h l o r i d e ,  NTA and cadmium c h l o r i d e .  The 
p ropor t i ons  added t o  each  experimental aquarium a r e  shown i n  Tab1 e 3 .  A1 1 
media were a1 1 owed t o  e q u i l  i b r a t e  f o r  twenty-f our  hours  b e f o r e  organisms 
were added. The medi a were prepared a t  f o u r  d i f f e r e n t  l eve l  s o f  t o t a l  
cadmium concen t r a t i on  i n which t h e  cadmium was e i t h e r  most ly  compl exed w i t h  

NTA o r  predominantly i n  the f r e e  form. Two experiments  were performed i n  
which there was cadmium b u t  no NTA, while one  used N T A w i t h  no a d d i t i o n  o f  
cadmium t o  t e s t  f o r  b i o d e g r a d a b i l i t y  o f  the NTA. Hydropsyche s p .  were added 
i n  nylon bags w i t h  s t i r r i n g ,  t empera ture ,  and day-night  c o n d i t i o n s  a s  
prev ious ly  descr ibed .  Aquarium wa te r  qua1 i t y  parameters  were measured and 
organism samples t aken  d a i l y  u n t i l  a l l  organisms had been c o l l e c t e d .  A t  

t h i  s p o i n t  the experiment  was te rmina ted  which was g e n e r a l l y  a f t e r  n i n e  t o  
twelve days.  Water and organism samples were s t o r e d ,  p repared  and ana lyzed  
i n  a manner i d e n t i c a l  t o  t h a t  p rev ious ly  desc r ibed  f o r  t h e  Cd, Cr and Zn 
1 abora tory  up take  s t u d i e s .  

Log-1 og p l o t s  o f  mean e q u i l i b r i u m  organism cadmium c o n c e n t r a t i o n  ve r sus  
mean aquarium t o t a l  cadmium concen t r a t i ons  , and ve r sus  mean aquarium f r e e  
cadmi um c o n c e n t r a t i o n s  were prepared  t o  determine t h e  o v e r a l l  e f f e c t  o f  
cadmium s p e c i a t i o n  on equ i l i b r ium whole-body cadmium burden. Cadmium 
s p e c i a t i o n  f o r  each aquarium was determi ned us ing  the REDEQLE e q u i l i b r i u m  
computer model . Measured v a l u e s  o f  t o t a l  cadmi um, calcium and phosphate 
concen t r a t i ons ,  d i s so lved  oxygen, pH, potassium, magnesium, NTA, 

b i ca rbona te ,  s u l f a t e  and chl o r i d e  were used t o  c a l c u l a t e  equ i l  i brium 
s p e c i a t i o n .  REDEQL2 was a l s o  used t o  c a l c u l a t e  the chemical s p e c i a t i o n  o f  
cadmium, chromnium and z i n c  i n t h e  s t ream wa te r  exposure aquar i  a and i n  
s e l e c t e d  samples from each  o f  the f i e l d  sampling s t a t i o n s .  

Using the zinc-zincon manual method, NTA was determined i n  samples from 
days  ze ro  and twelve o f  the experimental  run  i n  aquarium #16. Only this  

aquarium had a h igh  enough NTA concen t r a t i on  t o  determine by the zinc-zincon 
method. Analys i s  o f  NTA,was performed a s  a t es t  o f  NTA biodegradabi l  i t y  i n 
t h e  experimental  systems. 



Aquari um 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table 3 

Composition o f  Media i n  Aquaria 

Stock So lu t i ons  Used 

A B  C D E CdCl NTA 

m l  m l  m l  m l  m l  - - - - -  - 1 o g ( ~ l 2  m l  - l o g ( ~ )  m l  - 
10 10 10 10 50 6.10 5 8.10 5 0 

10 10 10 10 50 6.10 5 4.40 10 

10 10 10 10 50 6.10 50 4.40 10 

10 10 10 10 50 4.40 100 3.40 10 

10 10 10 10 50 6.10 50 6.10 5 0 

10 10 10 10 50 4.40 10 4.40 10 

10 10 10 10 50 4.40 10 3.40 10 

10 10 10 10 50 6.10 5 6.10 5 0 

10 10 10 10 50 3.00 4 3.40 100 

10 10 10 10 50 6.10 10 none 

10 10 10 10 50 3.00 4 3.40 10 

10 10 10 10 50 4.40 10 6.10 5 

10 10 10 10 50 6.10 50 3.40 10 

10 10 10 10 50 6.10 50 none 

10 10 10 10 50 3.00 4 3.40 10 

10 10 10 10 50 None - 3.40 190 

Composition o f  Stock So lu t i ons  Used Above 

A: 1 0 ' ~ ' ~ ~  M CaC1 and 10- 73 M KC1 

B: M NaCl 

C: 10- I  * 7 0  M MgS04 

D: M KHC03 

E :  M PO4 B u f f e r  



RESULTS AND DISCUSSION 

Fie1 d Collect ions 

Cadmium. Cadmium concentrat ions i n  t h e  stream water and t e s t  species  

a r e  shown i n  Tables 4, 5 and 6 and Appendix 1 .  The extent o f  da i ly  

var iabi l  i ty o f  stream cadmium concentra t i  

a t  S ta t ions  6 and 7, and from January 12 

7, 10-up and 10-down i s  shown i n  Table 5 

cadmium a t  a l l  s t a t i o n s  except  Sta t ion 6 

both t o t a l  and f i l t e r e d  samples. Several 

ons, from May 23 t o  June 20, 1978, 

t o  February 10,  1978 a t  s t a t i o n s  6 ,  

and Appendix 1 . Concentrations o f  

were found t o  be exceedingly low i n  
samples, pa r t i cu la r ly  a t  s t a t i ons  7 

and 8 were below the detect ion l i m i t  o f  the GFAAS method of 0.01 l lg/ l  using 

a 100111 sample. A11 of  the cadmium concentrations observed a t  S ta t ion  7 

from May 23 t o  June 20, 1978 (Tab1 e 5 )  a r e  probably background level s 
r e f l e c t i ng  a 1 ack o f  anthropogenic cadmium i nput during th i s  period.  For 

this reason, a s  well a s  the abundance of Wdropsyche sp. ,  S ta t ion  7 was 

chosen a s  a source o f  organisms f o r  metal uptake and desorption s tud ies .  

S ta t ion  6 exhibi ted  somewhat higher cadmium concentrat ions ranging from 

0.03 vg/l t o  0.71 ~ g / 1  during the same period. The ana ly t i ca l  variance o f  

the cactnium determinations f o r  the stream water was 15.2% standard 

deviat ion,  f o r  Ch ironomus sp. 4.2% , Stenonema rubrum, 12.4% and 16.0% f o r  

Hydropsyche sp.  (Table 7 ) .  The lower concentrat ions a t  S ta t ion  7 had no 

apparent e f f e c t  on the precis ion o f  the GFAAS method. 

Among the t e s t  species  Stenonema rubrum and Ephemerell a sp. showed much 

grea te r  cadmium accumulation than e i t h e r  Hydropsyche sp .  o r  Chironomus s p  

(Tables 4-6). Some associa t ion was observed between organism and stream 

water metal concentrat ions i n  the f i e1  d a s  i l l u s t r a t e d  by the r e l a t i onsh ip  

between Chi  ronomus sp . metal concentrat ions and water metal concentrat ions 

a t  S ta t ion  6 (Table 4 and 5, Figures 3 and 4 ) .  No s i g n i f i c a n t  co r r e l a t i on  

was observed f o r  the May-June 1978 dai ly  sampling period (Figure 3 ) .  Most 

of the water  concentrat ions were i n a r a t he r  1 ow and narrow range dur i  ng 

th i  s period,  a s  compared with observed cadmium concentrat ions a t  S t a t i on  6 

during the remainder o f  the year.  Linear co r r e l a t i on  between water  and 

organisms a t  S ta t ion  6 was much grea te r  ( r  = 0.78) f o r  the monthly da t a ,  

probably due t o  the much broader range of cadmi un concentrat ions observed 

(Table 4, Figure 4 ) .  A high degree o f  cor re la t ion  was no t  expected i n this 



T a b l e  4 

Cadmium C o n c e n t r a t i o n s  i n  T o t a l  Water and Fi 1 t e r e d  Water ( p g / l )  
and B e n t h i c  M a c r o i n v e r t e b r a t e s  (ug/g) 

September 1977 t o  June  1978 

Water S t a t i o n  and D l e  
S t a t i o n  6 

Mean 

S t a t i o n  7 

9-29-77 
11 -03-77 
11 -29-77 

1-1 2-78 
2-1 0-78 
3-1 4-78 
4-04- 78 
5-25-78 
6-20-78 

Mean 

S t a t i o n  8 

9-29-77 
11 -03-77 
11 -29-77 

1-1 2-78 
2-1 0-78 
3-1 4-78 
4-04-78 
5-25-78 
6-20-78 

Mean 

To ta l  Fi 1 t e r e d  

To ta l  Fi 1 t e r e d  

To t a 1  F i  1 t e r e d  

Ben th ic  M a c r o i n v e r t e b r a t e s  

Chi ronomus s p .  

S tenonema 
rubrum -- Hydropsyche s p .  

S tenonema 
rubrum Hydropsyche s p .  



S t a t i o n  10 
- L 

Mean 

S t a t i o n  10 
( down ) 

Mean 

S t a t i o n  11 

Mean 

Table 4 (cont inued)  

To ta l  F i  1 t e r e d  - -  

Tota l  F i  1 t e r e d  

Tota l  F i  1 t e red  

S tenonema 
rubrum 

- - 
-- 
0.724 
0.409 -- 
- - 
1.023 
0.471 - - 
0.657 

Chiron- 
omus sp. - 
0.116 
0.083 
0. I 8 8  
0.470 - - 
- - 
0.142 
0.508 
0.659 

0.309 

Chi ron- 
omus sp. - 
- - 
0.410 - - 
- - 
- - 
- - 
- - 
- - 
- - 
0.410 

Ephemerel 1 a sp. 

Caeni s (Mayf ly )  

S teno- Hydro- 
nema - psyche 
r u  brum SP 



Table 4 (continued) 

S t a t i o n  4 

Mean 

Total Fi 1 t e r ed  

S t a t i o n  2 Total F i  1 t e r ed  

9-29-77 
11 -03- 77 
11 -29-77 

1-1 2-78 
2-1 0-78 
3-14-78 
4-04-78 
5-25-78 
6-20-78 

Mean 

S teno- 
nema - 
rubrum 

0.732 - - 
0.858 - - 
- - 
- - 
- - 
0.579 
0.353 

0.631 

S teno- 
nema 
ru brum 

(0.237 - - 
- - 
- - 
- - 
- - 
0.956 
0.697 - - 
0.630 

Hydro- 
psyche 
SP 

- - 
0.474 
0.264 - - 
- - 
- - 
- - 
- - 
0.319 

0.352 

Hydro- 
psyche 
s P 

0.051 
0.073 
0.157 - - 
0.188 - - 
0.225 
0.310 

(0.096 

0.157 



Table 5 

Cadmium in Water and Benthic Macroinvertebrates 
Station 6, May 23, 1978 to June 20, 1978 

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3 
2 4 
25 
26 
2 7 
28 
2 9 

Mean 

Water (pg/l) 
Total Fi 1 tered 

.05 .06 
-15 .06 
-24 .I6 
.71 .14 
.32 -08 
.05 .08 
.06 .12 
.09 .06 
.10 - - 
.06 .06 
-07 .15 
.05 .07 
.03 .13 
.I7 -05 
.10 .04 
.I3 .11 
.16 .09 
.08 .03 
.18 $06 
.09 .05 
.10 .06 
.07 .10 
.ll .15 
.08 -07 
.06 .07 
.14 -07 
.09 .09 
-08 .05 
.09 .15 
0.128 0.086 

Chi ron- 

wg7P' 
0.220 
1.779 
3.736 
2.665 
1.245 
1.033 
0.943 
0.848 
0.330 
0.472 
0.629 
0.784 
0.663 
1.606 
1.101 
1 ,000 
1.512 
1 .O35 
1.106 
2.280 
0.859 
1 .I86 
0.750 
1 ,240 
0.972 
0.829 
1.279 
0.741 
0.862 
1 .I62 



Table 6 

Cadmium i n  Water and Benthic Macroinvertebrates 
S ta t ion  7, May 23, 1978 t o  June 20, 1978 

Day -- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
21 
22 
2 3 
24 
2 5 
2 6 
2 7 
2 8 
29 

Mean 

Water ( u g l l )  
Total Fi 1 t e r ed  

0.02 -02 
0.02 .02 
0.01 .02 
0.04 .03 
0.015 .015 
0.01 -01 
0.01 .01 
0.015 -- 
0.01 .01 
0.01 ,035 
0.01 .01 

<o. 01 .O1 
0.01 .01 
0.01 .01 
0.01 .01 
0.02 .06 
0.015 ,015 
0.03 .025 
0.02 .015 
0.02 .035 
0.015 .02 
0.03 -02 
0.015 .02 
0.03 .04 
0.01 .01 
0.02 - - 
0.01 -01 
0.01 .01 
0.01 .01 

0.016 0.019 

Steno- 

R) 
1.454 
2.770 
0.698 
1.536 
0.857 
0.992 
3.497 
1.252 
2.541 
0.774 
0.791 
0.617 
0.577 
1.062 
1.565 
1.461 
1.342 
2.459 
1.749 
0.902 - - 
2.238 
1 .4O8 
0.593 - - 
- - 
1.279 
0.867 
1 ,840 

1 .428 

Hydro- 



Table 7 

Est imat ion  o f  t he  Cadmium Variance f o r  Water 
and Benth ic  Macroi nver tebra tes  

Raw Water (Pg / l )  

S t a t i o n  6 S t a t i o n  7 

0.17 0.045 

0.21 0.040 

0.16 0.045 

0.15 0.055 

0.20 0.040 

0.16 0.035 

0.24 0.045 

0.20 0.060 

0.17 0.045 

0.18 0.050 

Benthic  Macroi nver tebra tes  (pg /g )  
Steno- Hydro- 

Chiron- nema psyche 
- - 

omus sp. rubrum sp. 
(Ilsls) m h g / d  

Mean 0.184 0.046 0.673 1.066 0.316 

Standard 
Dev ia t ion  0.028 0.007 0.025 0.132 0.051 

%Standard 
Dev ia t ion  15.2% 15.2% 4.2% 12.4% 16.0% 



[r=0.54 if the point 
(0.71 ,2.665) is discarded.] 

TOTAL CADMIUM ( ~ ~ g / l )  
Figure 3 Relationship o f  cadmium i n  water and i n  

Chironomus sp.,  Station 6 ,  Ellerbee Creek 
daily sampling, May 23-June 20, 1978. 



ORGANISM CADMIUM CONCENTRATION (yg/g) 
- "' CEl P m 

6, 
0 0 0 0 0 0 

I I I I I 



analys is  s ince  the  t e s t  species  presumably would r e t a i n  metal from previous 

days of higher stream water cadmium level s ,  s o  t h a t  organisms may be 
r e f l e c t i ng  water metal concentrat ions one o r  more days previous t o  t he  day 
of co l l ec t ion .  Examination o f  the  data i n  Table 5 bears o u t  this  trend.  

The reproducibi l i ty  of  cadmium concentrat ions i n  Chironomus sp. was 
qu i t e  good w i t h  an estimated standard deviat ion o f  only - +4.2 percent  (Table 
7 )  . Actually, t h e  precis ion during t h e  da i l y  sampl i n g  period was probably 
no t  qu i t e  this good s ince  30 individuals  were used i n  t h e  preparation o f  
each rep1 i c a t e  sample while d a i l y  samples averaged only 18  individuals  per 
sample. Keproduci b i l  i t y  coul d probabl y have been improved by more careful  
s i z e  control  i n  the  samples s ince  organism weight was shown t o  have an 
e f f e c t  on who1 e body Cd concentrat ions.  

The data  from t h e  d a i l y  f i e l d  sampling period a t  Sta t ion 7 r e l a t i n g  
water cadmi um concentrat ions t o  t e s t  species  concentrat ions i s inconclusive 
due t o  t he  very 1 ow water Cd concentrat ions observed a t  th is  s t a t i o n  d u r i n g  

t he  e n t i r e  period (Table 61, and the  g rea te r  natural  va r ia t ion  observed i n  

Stenonema rubrurn and Hydropsyche sp. (Table 7 ) .  Previous da i l y  water 
sampling a t  S ta t ion  7 from January 12 t o  February 10,  1978 had suggested 
t h a t  one o r  more metal pulses  might be observed d u r i n g  t h e  month from which 
t he  response o f  t h e  t e s t  species  could be studied.  The in tensive  organism 
metal concentration da ta  from t h e  period,  however, does give a good 
approximation o f  the  basel ine  l e v e l s  of Cd t o  be expected i n  Stenorema 
rubrum, Ephemerel l a  sp. and Hydropsyche sp .  

Chromium. Total and f i l t e r e d  stream water chromium concentrat ions a r e  
shown i n  Tables 8, 9, 10 and Appendix 2. S ta t ion  10-down exhibi ted  t h e  
highest  mean t o t a l  Cr concentrat ion followed by Sta t ion 6. The lowest mean 
concentrat ions o f  Cr were observed a t  s t a t i o n s  8, 4, and 10-up (Table 8 ) .  
Chromium was quanti f iabl  e i n a1 1 samples by t he  GFAAS technique. The 
detect ion 1 imit o f  t h e  technique was about 0.1 pg/1, while background Cr 

concentrat ions seldom dropped below 0.2 pg/l . The da i l y  va r ia t ion  i n water 
Cr a t  S ta t ions  6 and 7 i s documented i n Tables 9, 10  and Appendix 2. The 
analyt ica l  variance of t he  GFAAS method i s est imated i n  Tab1 e 11 from ten 
successive Cr determinations performed on t he  same samples. Table 11 shows 
t h a t  analyt ica l  variance increases  a t  1 ower concentrat ions.  A t o t a l  sampl e 
from Sta t ion  6 w i t h  a mean concentration of 4.98 ug/l gave a standard 



Table 8 

Chromi um Concentrat ions i n  Water and Benthos, September 1977 
t o  June, 1978, All Sample S t a t i o n s  

S t a t i o n  Date 
S t a t i o n  6 

Mean 

S t a t i o n  7 

S t a t i o n  8 

Mean 

Water ( u g / l )  
Total  Fi 1 t e r e d  

Total  Fi 1 t e r e d  

Total  F i l t e r e d  

Benthic Macroinvertebrates  (u g/g) 

Chi ronomus sp .  

S tenonema 
ru brum Hydropsyche s p. 

S te  no nema 
rubrum Hydropsyche s p .  



Table 8 (cont inued)  

S t a t i o n  ga te  

S t a t i o n  10-up Total F i l t e r e d  Ephemerell a  Stenonema 

0 .7  
0.2 
0 .4  
1.1 
2.2 
0.6 
2.3 
0.3 
0 .4  

0.91 

Total 

1 . 3  
6 .2  

15.5 
1 . 8  
2.6 
1.1 
9 .8  

10.0 
2.9 

5.69 

Total 

3.1 - - 
6.4 
2.0 
7.0 
0.6 
5.1 
0 .3  
0.2 

. S t a t i o n  10- 
down c h i  ronomu's sp. ~ i l  t e r e d  S tenonema 

S t a t i o n  11 Fi 1 t e r e d  S tenonema Hydropsyche sp. Chi ronomus sp.  



Table 8 (continued) 

S t a t i o n  4 

9-29-77 
11 -03- 77 
11 -29-77 

1-12-78 
2-1 0-78 
3-1 4-78 
4-1 4-78 
5-25-78 
6-20-78 

Me an 

S t a t i o n  2 

9-29-77 
11 -03-77 
11 -29-77 

1-1 2-78 
2-1 0-78 
3-1 4-78 
4-14-78 
5-25-78 
6-20-78 

Mean 

Total Fi 1 t e red  

Total F i l t e r e d  

Stenonema Hydropsyche sp. 

Stenonema Hydropsyche sp .  



Table 9 

23, 1978 t o  June 20, 
Chromium Concentrations i n  Water and Chironomus sp .  

1978, S t a t i o n  6 

Day 

Mean 

Water (y q / l  ) 
Total Fi 1 t e r ed  

Chi ronomus sp .  
(!J s/s 1 



Table 10 

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
2 6 
2 7 
28 
29 

Mean 

Chromium Concentrat ions i n  Water. 
S tenonema r u  brum, E~hemerel  1 a, and Hvdro~svche sp . , 

May 23, 19/8 t o  June 20, 1978, S t a t i o n  7 



Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

E s t i m a t i o n  o f  Chromium Var iance  f o r  Water 
and B e n t h i c  M a c r o i n v e r t e b r a t e s  

T o t a l  Water 

( ~ 9 1 1 )  
S t a t i o n  6 

5.2 

4.9 

4.6 

5 .O 

5.4 

4.7 

4.9 

5.5 

5.0 

4.6 

S t a t i o n  7 

0.70 

0.55 

0.80 

0.60 

0.50 

0.85 

0.70 

0.50 

0.60 

0.65 

Mean 4.98 

S t a n d a r d  
Dev ia t ion  0.312 

B e n t h i c  M a c r o i n v e r t e b r a t e s  

S teno-  
Chi ro -  nema Hvdro- 

% S t a n d a r d  
Dev ia t ion  6.3% 16.6% 12.9% 17.7% 27.3% 



deviation o f  0.312 ug/1 o r  - +6.3 percent, while a t o t a l  sample w i t h  a mean o f  

0.645 ug/l had standard deviation of 0.107 pg/l o r  +I 6.6 percent. - 
Calibration curves were 1 inear  up t o  50 pg/1 . 

Chromium concentrations i n  the  t e s t  species a r e  a l s o  shown i n  Tables 8 ,  

9 and 10. Stenonema rubrum and Ephemerel l a  exhibi ted cons i s ten t ly  higher 
concentrations than Hydropsyche sp. o r  Chironomus sp.  f o r  a given water 

concentration, a1 though dif ferences  were not  nearly so  pronounced a s  i n  t h e  

case of cadmium. S ign i f ican t  l i n e a r  cor re la t ion  (r  = 0.78) was observed, i n  

the  da i l y  sampling period,  between to ta l  water and Chironomus sp. Cr 
concentrations (Tab1 e 9, Figure 5 ) .  The t o t a l  water Cr concentration range 

observed during t h e  period was 1.3 t o  14.7 pg/l . 
The associa t ion between chromium concentrations i n water and Chironomus 

sp. i s  shown i n Figure 6 a t  Sta t ion 10-down and a t  S ta t ion  6. A s t rong 

cor re la t ion  ( r  = 0.86 and 0.88 respect ively)  was observed i n  s p i t e  o f  the  

r e l a t i ve ly  low and narrow range o f  water Cr concentrations observed. As 
noted e a r l i e r  i n the case  of cadmium, the  t e s t  species metal concentrat ions 

a r e  qu i te  1 ikely a t  1 e a s t  pa r t l y  r e f l ec t i ons  o f  water Cr concentrat ions from 

previous days which may have been d ra s t i c a l l y  d i f f e r en t  from t h a t  which was 

observed on t h e  day of co l lec t ion .  This i s  an inherent  problem i n  studying 

organism metal responses under f i e l  d conditions. However, the  f i e l  d study 

does allow f o r  t h e  control  of o ther  potenti a l l y  confounding f a c t o r s  such a s  
flow cha rac t e r i s t i c s ,  feeding hab i t s  and sediment contact  which a r e  

di f f i cu l  t t o  reproduce i n the 1 aboratory. Hydropsyche sp. Cr concentrat ions 

were not s i gn i f i c an t l y  cor re la ted  w i t h  stream water Cr concentration f o r  the  

May-June, 1978 da i ly  sampling period ( r  = 0.281, again probably f o r  t h e  

reasons described above. Stream water Cr concentrat ions a t  Sta t ion 7 were 

essential1 y base1 ine  through the period w i t h  t h e  organisms r e f l e c t i n g  normal 

bi 01 ogical vari  abl i t y  . 

Zinc. Zinc concentrat ions f o r  water and benthic organisms a r e  shown i n - 
Tables 12, 13  and 14 and Appendix 3. Daily var ia t ion  i n  water concentration 

a t  S ta t ions  6, 7,  10-up and 10-down. i s  documented i n Appendix 3 f o r  t h e  
period January 12 t o  February 10, 1978. The highest  mean Zn concentrat ions 

were observed a t  S ta t ion  6, t o t a l  Zn - 60.1 ug/1 ; f i l  tered Zn  - 23.2 ug/l ; 

and a t  S ta t ion  lOdown, t o t a l  Zn - 31.0 ug/l ; f i l t e r e d  Zn - 16.0 ug/l (Table 

12 ) .  Unl ike Cd and Cr, more than ha1 f the t o t a l  z inc  was found t o  be i n t h e  
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Figure 5 Relationship of chromium in water and i n  
Chironomus sp., Station 6, El 1 erbee Creek 
daily sampling, May 23-June 20, 1978. 





Table  12 
Z inc  C o n c e n t r a t i o n s  i n  Water ( v g / l )  and Benthos (pg /g ) ,  

All S t a t i o n s ,  September 1977 t o  J u n e  1978 

S t a t i o n  and Date Water 
S t a t i o n  6 T o t a l  F i l t e r e d  

Mean 

S t a t i o n  7 

Mean 

S t a t i o n  8 

Mean 

T o t a l  Fi 1 t e r e d  

Fi 1 t e r e d  

B e n t h i c  Macroi n v e r t e b r a t e s  
Chi ronomus s p .  

S tenonema 
ru brum Hydropsyche s p. 

S tenonema 
rubrum Hydropsyche s p .  



Table 12 (continued) 

S t a t i o n  and Date S tenonema 
S t a t i o n  10 

Mean 

S t a t i o n  
10- down 

9-29-77 
1 1 -03- 77 
11 -29-77 

1-1 2-78 
2-1 0-78 
3-1 4-78 
4-04-78 
5-25-78 
6-20-78 

Mean 

S t a t i o n  11 

Mean 

Total F i  1 t e r e d  

Total Fi l  t e r e d  

Total F i l t e r e d  

rubrum 

- - 
609.1 - - 
- - 
172.7 - - 
450.7 
270.0 - - 
375.63 

Ch i  ron- 
omus sp.  - 
650.9 
364.1 
694.2 
496.2 
453.8 - - 
284.6 
184.7 
593.0 

465.19 

Stenonema 
rubrum 

857.2 - - 
700.8 
- - 
- - 
- - 
532.9 -- 
- - 
696.96 

Ephemerel l a  

Caeni s Ephemerel 1 a 

, Pleuro- 
cera  Chironomus sp .  



Table 12 (con t inued)  

S t a t i o n  and Date 

S t a t i o n  4 

Mean 

S t a t i o n  2 

9-29-77 
11 -03- 77 
11 -29- 77 

1-1 2-78 
2-1 0-78 
3-14-78 
4-04-78 
5-25-78 
6-20-78 

Mean 

T o t a l  F i  1 t e r e d  

T o t a l  F i l t e r e d  

Stenonema 
rubrum Hydropsyche sp. 

S tenonema 
rubrum Hydropsyche sp. 



Table 13 
Zinc Concentrations i n  Water ( p g / l )  and Benthos ( p g l g ) ,  

S t a t i o n  6 ,  May 23, 1978 t o  June 20, 1978 

Day 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
24 
25 
26 
2 7 
2 8 
2 9 

Mean 

Water 
Total F i  1 t e red  

11.6 7.4 
15.2 11.3 
22.0 12.0 
23.2 11.8 
20.4 11.4 
10.4 6.4 
15.2 8 . 9  

9 .8  4.7 
45.1 26.4 
18.8 11.2 
24.2 12.8 
18.8 7.8 
60.0 24.8 
22.0 12.3 
26.4 11.7 
31.2 18.4 
22.0 9.6 
12.0 7.2 
22.0 14.8 
33.6 16.1 
35.2 14.9 
54.4 17.8 
66.0 31.4 
28.2 19.2 
71.5 30.0 
60.2 27.4 
47.3 24.8 
49.2 29.2 
34.8 20.7 

31.41 15.94 

Chi ronornus sp. 
175.7 
355.8 
345.7 
338.9 
358.7 
306.1 
307.7 
277 . O  
411.1 
407.5 
330.5 
248.7 
402.0 
395.3 
372.7 
440.5 
289.1 
188.3 
562.8 
301 . I  
309.4 
352.6 
628.4 
410.5 
642.4 
555.1 



Table 14 

Day 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0 
21 
2 2 
23 
24 
2 5 
26 
2 7 
28 
2 9 

Mean 

Zinc Concentrations in  Water ( p g / l )  and Benthos ( p g / g ) ,  
S t a t i o n  7, May 23, 1978 t o  June 20, 1978 

Water 

Total F i l t e r e d  
S tenonema 
rubrum 

- - 
- - 
152.5 - - 
131.8 
254.1 - - 
395.3 
225.9 
222.4 
188.7 
640.4 
136.1 
111.2 
415.1 
246.2 
179.7 
376.0 
191.0 
121.3 
146.6 
224.9 
296.5 
201.2 
143.1 
426.2 
184.5 
144.6 
378.3 

245.3 

Ephemerell a 

456.2 
553.9 
495.1 
563.8 
537.5 
436.4 
851.5 - - 
- - 
- - 
- - 
- - 
- - 
-- 
124.0 - - 
151.7 - - 
129.2 
- - 
- - 
- - 
202.9 
172.5 
133.9 - - 
- - 
- - 
- - 
369.9 

Hydropsyche sp .  

197.7 
148.2 
169.4 
115.3 
140.9 
127.1 

78.5 
189.8 
164.9 
148.3 
250.3 
434.9 
377.1, 
304.2 
215.6 
117.4 
150.3 
160.8 
171.3 
244.9 
138.9 
189.8 
207.7 
141.4 
126.8 
264.2 
140.4 
147.1 
193.2 

188.2 



pa r t i cu l a t e  phase. S ta t ion  8 had t h e  1 w e s t  mean t o t a l  and f i l t e r e d  z inc  
concentrat ions.  

Environmental contamination was found t o  be a d i f f i c u l t  problem i n  t h e  
hand1 i ng of z inc  samples. Aci d-cleaned polyethylene b o t t l e s  were found t o  
adsorb z inc  from t h e  n i t r i c  a c id ,  which was then par t i a l  l y  redissolved when 
the bo t t l e s  were f i l l e d  with water. Thi s problem was el iminated by f i l l i n g  
t he  sample b o t t l e s  w i t h  d i s t i l  led-deionized water a f t e r  t h e  acid-cleaning 
s t ep  and allowing them t o  desorb f o r  24 hours. Pipet te  t ips  were a l s o  a 
source o f  z i nc  contamination. They were r insed  i n a c id  followed by soaking 
i n  d i s t i l  led-deionized water t o  reduce t h i  s source o f  Zn contamination. 
Traces o f  z i nc  were s t i l l  de tec tab le  i n samples of di  s t i l led-deionized 
water. The lowest  t r a ce s  o f  contaminant Zn were noted when t he  micropipette 
was i nserted i nto a stream of d i  s t i l led-deionized water coming d i r e c t l y  from 
the  deionizing column and immediately in jec ted  i n t o  t h e  graphi te  furnace. 
Even w i t h  this procedure z inc  concentrat ions est imated a t  0.2 pg/l were 
found. 

The analytical  va r ia t ion  i n t h e  z inc  determination i s  shown i n  Table 
15. The precision o f  t h e  analyt ica l  method i s  grea t ly  reduced a t  the  lower 
Zn concentrat ions because o f  t h e  increas ingly  s i g n i f i c a n t  contr ibut ion o f  
background contamination. Estimation s of t h e  variance i n z i  nc concentration 
i n  t h e  t e s t  spec ies  a r e  a1 so shown i n Table 15. The observed z inc  va r i a t i on  

i n  Chironomus sp. i s much l e s s  (SD = - +5.4%) than i n  e i t h e r  Stenonema rubrum 
(SU = 15.8%) o r  Hydropsyche sp. (SD = 15.1%). Zinc concentrat ions i n t h e  
t e s t  species a r e  about two orders  o f  magnitude higher than chromium and 
about t h r e e  o rders  o f  magnitude higher than cadmium concentrat ions.  I t  
woul d appear from organism da ta  a t  S ta t ions  7 and 8 (Tab1 e 1 ) t h a t  
background Zn concentrat ions i n  Stenonema rubrum may be about 160 ug/g and 
about 140 ug/g i n  Hydropsyche sp. Water vs.  Chironomus sp. z inc  
concentrations shown i n  Figure 7 extrapol a t e  t o  a z inc  con ten t  o f  about  240 
ug/g a t  zero water zinc concentration. 

Correlat ion between z inc  concentrat ions i n  water and Chironomus sp .  was 

s i gn i f i c an t  ( r  = 0.73) f o r  the  May-June, 1978 da i l y  sampling period a t  
S ta t ion  6 (Figure 7 ) .  There was no s i g n i f i c a n t  cor re la t ion  between water  
and organism zinc  concentrat ions f o r  Hydropsyche sp. ( r  = 0.08) o r  Stenonema 
rubrum (r  = 0.42) a t  S ta t ion  7 during t h e  same period presumably due t o  t h e  
1 ow observed water Zn concentrat ions coupled w i t h  the  h i  gh background level  s 



Table 15 
Es t ima t i on  o f  the  Z inc  Var iance f o r  Water and 

Benth ic  Macroi  nve r teb ra tes  

8 

9 

10  

Mean 

Standard 
Dev ia t i on  

T o t a l  Water 

S t a t i o n  6 S t a t i o n  7 

( 1  ) ( ~ 9 / 1 )  

28.3  1 .2  

26.7 1 .4  

30.4 1 . 3  

27.6 1 .O 

27.1 1 . 2  

31 . O  0 . 8  

28.7 1 .4  

26.2 1 . 5  

30.1 1 . I  

27.7 1 .2  - 
28.38 1.21 

1 .64 0.208 

Ben th i c  Macro inver tebra tes  
Steno- 

Chi r o -  nema 
nomussp.  rubrum 

Hydro- 
psyche sp. 

137.8 

162.3 

141.4 

119.1 

176.3 

% Standard 
Dev ia t i on  5.8% 17.2% 5.4% 15.8% 15.1% 
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Figure 7 Relationship of zinc in water and in Chironomus 
sp., Station 6 daily sampling, May 23-June 20, 1978. 



found i n  t h e  organisms. These r e s u l t s  agree w i t h  Shuman e t  a1 . , (1  9771, who 

c o n s i s t e n t l y  found z i n c  t o  b e  t h e  most p o o r l y  c o r r e l a t e d  metal between 

water, sedi ments and benthos. 

Laboratory Exposures t o  Metal s Fol 1 owed by Strearli Desorp t i  on 

The i n i t i a l  f i e l d  s tud ies ,  w h i l e  showing t h a t  an assoc ia t i on  e x i s t e d  

between stream water  and organi  sm metal concentrat ions,  when stream water  

concent ra t ion  e x h i b i t e d  s u f f i c i e n t  metal  v a r i a t i o n ,  c l e a r l y  i n d i c a t e d  t h a t  a 

much w ider  and more c o n t r o l l a b l e  range o f  metal  exposures would be  necessary 

t o  evaluate t h e  u t i l i t y  o f  aqua t i c  i n s e c t  l a r v a e  i n  mon i to r i ng  heavy metal 

p o l l u t i o n  i n  streams. For  t h i s  reason a se r ies  o f  experiments were 

conducted i n which t h e  t e s t  species, Chironomus sp. and Hydl.opsyche sp., 

were exposed t o  a range o f  aqueous Cd, C r  and Zn 1 eve1 s i n  t h e  1 aboratory 

under cond i t i ons  t h a t  close1 y approximated those o f  t h e  na tu ra l  stream 

environment. Laboratory exposures were fol lowed by  a r e t u r n  o f  t h e  t e s t  

organisms t o  t h e i r  respec t i ve  stream s i t e s  so t h a t  desorp t ion  k i n e t i c s  coul d 

be s t u d i e d  under stream cond i  ti ons. 

The aquar ia  metal exposure concentrat ions,  t o t a l  and dissolved, a r e  shown 

i n  Tables 1 and 2. As can be seen t h e  t o t a l  aquar ia  metal concent ra t ions  

are n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h e  d i sso l ved  metal concent ra t ions  f o r  

Cd and C r .  Thi s i s probably due, e s p e c i a l l y  i n t h e  case o f  C r  , t o  t h e  1 ow 

amount o f  suspended p a r t i c u l a t e s  i n  t h e  aquar ia stream water  s i  nce t h e  stream 

water  was c o l l e c t e d  d u r i n g  l o w  f low.  

The changes i n  organism metal concent ra t ions  f rom t h e  1 aboratory meta l  

exposure experiments a r e  shown i n  F igures 8-10 f o r  Experiment #I , Figures 

11-1 3 f o r  Experiment #2, and F igures  14-19 f o r  Experiment #3. The s p e c i f i c  

da ta  p o i n t s  f o r  a l l  t h r e e  experimental  s e t s  a r e  presented i n  Appendix 4. 

Metal e q u i l  i brium between water and organisms was achieved i n a l l  cases 

w i  t h i  n one t o  four days. A1 though the re  were several  instances where the  

h ighes t  organism metal concen t ra t i on  was observed on Day 5 o f  exposure, no 

s i  gni f i c a n t  d i  f f e rence  was found between t h e  average organi  sm metal 

concent ra t ion  a t Day 3 and Day 5 f o r  any organism species o r  meta l .  Metal  
e q u i l i b r i u m  was achieved somewhat f a s t e r  by Chironomus sp. than by 

Hydropsyche sp. For  Ch ironanus sp. t h e r e  was no s i g n i f i c a n t  d i f fe rence 

between metal con ten t  a t  two days and f i v e  days o f  exposure w h i l e  f o r  

Hydropsyche sp. t h i s  d i f f e r e n c e  was s i g n i f i c a n t  o n l y  f o r  ̂ chromium. These 
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Figure 8 Metal concentrations i n  aquatic insects, d a i l y  f i e l d  samples and fo l low ing  laboratory  
exposures: Chironomus sp. exposed t o  Cd, 1.2; C r ,  68.6; Zn, 656; H dro syche sp. 
exposed t o  Cd, 1.2; C r ,  80.7; Zn, 785; a l l  exposure concentrations'* 
water series. 
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Figure 9 Metal concentrations in aquatic insects,  daily f i e l d  samples and following 

laboratory exposures: Chironomus sp. exposed t o  Cd, 5.6; Cr, 35.7; Zn ,  3300; 
Hydropsyche sp. exposed to  Cd, 6.0; Cr, 29.4; Zn ,  3585; a l l  exposure concen- 
t ra t ions vg/ l ,  cold water ser ies .  




























































































































































































