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Methods for  conducting avian d ie ta ry  t o x i c i t y  tes ts  were developed 
by DeWitt et a l .  (1962) and standardized by St ickel  and Heath 
(1965) fo r  use in pes t i c ide  i nves t i ga t i ons  by the Fish and 
W i l d l i f e  Service. The Environmental Protect ion Agency (1978) 
adopted the basic method of  St icke l  and Heath as one of several 
tes ts  fo r  use in support of pes t i c ide  r e g i s t r a t i o n  under the 
Federal I nsec t i c i de ,  Fungicide, and Rodenticide Act (FIFRA, PL 
92-516, enacted in 1972). With some mod i f i ca t ion ,  the same method 
was adopted by EPA (1982) for  use under the Toxic Substances 
Control Act (TSCA, PL 94-469, enacted in 1976). 

With a few important except ions,  most pes t ic ides  have low vola-  
t i l i t y .  However, a s i g n i f i c a n t  number of the i n d u s t r i a l  chemicals 
under the j u r i s d i c t i o n  of TSCA have s u f f i c i e n t  v o l a t i l i t y  to 
a f fec t  a v a i l a b i l i t y  in f o r t i f i e d  tes t  d ie ts  and consequently the 
tes t  resu l t s .  Although extremely v o l a t i l e  chemicals might 
evaporate from tes t  d ie ts ,  there is i n s u f f i c i e n t  data to ind ica te  
what leve ls  of v o l a t i l i t y  are of concern. 

The s t a b i l i t y  of  t es t  substances over the durat ion of t o x i c i t y  
tes ts  is important in eva luat ing  the resu l t s  and in making r i s k  
assessments. The Organizat ion fo r  Economic Cooperation and 
Development (1982) has developed e c o t o x i c i t y  tes t  gu ide l ines  tha t  
speci fy  the need to maintain tes t  substance concentrat ions w i t h i n  
20 percent of the nominal concentrat ion.  V o l a t i l i t y  may be only 
one of a va r i e t y  of fac tors  i n f l uenc ing  the fate of organic 
chemicals in tes t  d ie ts .  Other mechanisms such as hyd ro l ys i s ,  
adsorpt ion,  and pho to lys is  should also be considered, but for  many 
chemicals having s i g n i f i c a n t  vapor pressures, v o l a t i l i t y  is  l i k e l y  
to be the major source of loss. 

An est imat ion of the v o l a t i l i t y  of organic chemicals added to 
avian tes t  d ie ts  could t h e o r e t i c a l l y  be made wi th  models such as 
those used for  v o l a t i l i t y  losses from water and so i l  (Lyman et a l .  
1982). However, many of  the subs t ra te - re la ted  factors  a f f ec t i ng  
v o l a t i l i t y  from feed have not been determined, e .g . ,  sorp t ion ,  
d i f f u s i o n ,  p a r t i c l e  s ize,  surface area, and feed mixing. I f  a 
reasonable est imat ion of the v o l a t i l i t y  losses could be derived 
from simple physical  p roper t ies ,  then the i nves t i ga to r  could 
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bet ter  judge what special procedures might need to be taken, such 
as frequency of tes t  feed preparation, handling and storage of 
tes t  feed, and how often to co l lec t  samples for  chemical analysis. 
I t  also might be possible to estimate v o l a t i l i t y  losses and 
determine whether a d ietary t o x i c i t y  tes t  would be pract ical  for  a 
pa r t i cu la r  chemical. 

In th is  invest igat ion the losses of 10 p r i o r i t y  po l lu tants  from 
avian tes t  diets over a 96-hour period were measured and compared 
with vapor" pressures, Henry's law constants, and octanol/water 
pa r t i t i on  coef f i c ien ts .  Simulation of avian d ietary tes t  condi- 
t ions was accomplished by performing a series of feed v o l a t i l i t y  
tests in a temperature contro l led chamber. Birds, cages, photo- 
periods, e tc . ,  were not used, but the a i r  flow across the tes t  
feed was care fu l ly  contro l led and the re la t i ve  humidity was 
monitored. This approach allowed us to perform simple, safe, and 
repeatable v o l a t i l i t y  measurements. Simulating the birds per tur-  
bation of the feed, i . e . ,  "pecking in the feed hopper", did not 
seem prac t ica l .  Instead of using a commercial type feed hopper 
that  would hold a l l  of the feed in one common container, we 
divided the f o r t i f i e d  feed into equal al iquots contained in glass 
beakers. These undisturbed beakers became our "standard tes t  con- 
ta iners" .  We also demonstrated the ef fect  of feed perturbat ion by 
increasing the surface area of the tes t  container and s t i r r i n g  the 
feed. 

MATERIALS AND METHODS 

The tes t  chemicals (Table 1), selected from the 129 EPA p r i o r i t y  
pol lu tants (Callahan and Slimak 1979), represent a broad range of 
vapor pressures (0.0001 to 1.97 mm Hg), water s o l u b i l i t i e s  (1.69 
to 16,000 pg/ml), and octanol/water pa r t i t i on  coef f ic ients  ( log 
Kow 1.58 to 4.18). Seven of the 10 chemicals were EPA analyt ica l  
standards. The other three, HCE, NB, and 4-NP, were reagent grade 
(98% or bet ter )  and found to be free from s ign i f i can t  impur i t ies 
by GLC. 

Commercially avai lable game bird s ta r te r  rat ion (Purina Game Bird 
Startena) of the "crumble" formulation (pa r t i c l e  size 2 to 4 mm) 
was f o r t i f i e d  with the desired tes t  chemicals using 2% (v/w) table 
grade corn o i l  as a car r ie r .  Corn  oi l  is a common car r ie r  for 
water insoluble compounds in avian as well as mammalian d ietary 
t o x i c i t y  tests (USEPA 1978). The appropriate amount of each 
chemical was dissolved in 10 ml corn o i l  in a volumetric f lask.  
Af ter  mixing, 9 ml of the f o r t i f i e d  corn o i l  was added dropwise to 
450 g feed while mixing with a spatula. Care was taken to add the 
o i l  slowly and evenly and to continue mixing for 10 minutes a f ter  
the corn o i l  had been added, obtaining what appeared to be a 
uniform coating on the feed par t i c les .  The remaining 1 ml of corn 
o i l  was saved for  chemical analysis. 

The v o l a t i l i t y  of the tes t  chemicals was measured in a series of 
nine tests.  A minimum of three and as many as ten chemicals were 
used in each test .  The f i r s t  s ix  tests were experimentally 
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Table I .  Physical p roper t ies  of ten p r i o r i t y  po l l u tan ts .  

Vapor f 
Mol. press. Sol. 

Chemical Abbrev. a wt. (mm Hg) (Ng/ml) 
Log - ~ g  
Kow g 

B i s ( 2 - C l - e t h y l )  B2CEE 
ether 

1,4-Dichlorobenzene 1,4-DCB 
1,2-Dichlorobenzene 1,2-DCB 
Hexachloroethane HCE 
Nitrobenzene NB 
Dimethylphthalate DMP 
4-Nitrophenol  4-NP 
2 ,4 -D in i t r o to luene  2,4-DNT 
Fluorene Fluor 
4-Cl-phenyl phenyl 4-CPPE 

ether 

143 1.30 b 10,200 

147 1.80~ 79 
147 1.97~ 145 
237 0.72~ 50 
123 0.29 o 1,900 
194 0.014 c,  4,320 
139 0.0003~ 16,000 
182 0.0001 D 270 
166 0.004~ e 1.69 
204 0.004 ~ 3.3 

1.58 4.62 

3.39 2.36 
3.38 2.58 
3.34 2.35 
1.85 4.61 
2.12 6.08 
1.91 8.46 
2,01 7.05 
4.18 3.24 
4.08 3.49 

a Abbreviated name used in t h i s  tex t .  

Values obtained from Callahan and Slimak (1979) and corrected to 
30~ using method from Lyman et a l .  (1982). 

c Value ext rapolated to 30~ from vapor pressures (150 to 250~ 
from Peakal (1974). A value of 0.013 mm was ca lcu la ted using 
the modif ied Watson c o r r e l a t i o n ,  Method 2 (Lyman et a l .  1982). 

Value ext rapolated to 30~ from vapor pressures (120 to 186oc) 
from Timmermans (1965). A Value of 0.0002 mm was ca lcu la ted 
using the modif ied Watson c o r r e l a t i o n ,  Method 2 (Lyman et a l .  
1982). 

e Value was ca lcu la ted at 30~ using method from Lyman et a l .  
(1982) using the vapor pressure of 18 mm at 161~ from Boubl ik 
et a l .  (1973). A value of  0.02 mm was ext rapolated from vapor 
pressures (161 to 296oc) from Boubl ik et a l .  (1973). A value of 
0.0004 mm was ca lcu la ted using the modif ied Watson co r re l a t i on ,  
Method 2 (Lyman et a l .  1982). 

S o l u b i l i t i e s  at temperatures between 20 and 25oc obtained from 
Callahan and Slimak (1979). 

g Octanol/water p a r t i t i o n  coe f f i c i en t s  obtained from Callahan and 
Slimak (1979). 

h Henry's law constant (atm-m3/mole). 

i den t i ca l  except for  the number, type, and concentrat ion of t es t  
chemicals used. The seventh tes t  demonstrated the e f fec t  of feed 
per tu rba t ion  and surface area and the e ighth tes t  demonstrated the 
e f fec t  of using a water c a r r i e r  instead of corn o i l .  The nominal 
concentrat ions used for  each chemical in each tes t  are shown in 
Table 2. 
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Table 2, Percent nominal feed concen t ra t i on  a t  the s t a r t  o f  each 
t e s t  and a f t e r  f r eeze r  storage. 

Conc. % • SE a % • SE b 
Chemical Test (Ng/g) ( t ime O) ( f r e e z e r )  

B2CEE 2 355 79 • 3.2 91 • 2.7 
5 62.0 90 • 0.7 91 • 0.9 
7 313 87 • 0.2 - - -  
8 118 79 • 4 .4  74 • 3.3 

1,4-DCB 3 296 92 • 1.7 81 • 1.7 
6 55.0 63 • 5.5 81 • 5.6 
7 266 82 • 0.4 - - -  

1,2-DCB 2 312 76 • 0.5 85 • 3.0 
5 58.4 86 • 1.5 77 • 1.2 
7 265 80 • 0.4 - - -  

HCE 1 260 74 • 1.4 75 • 8.4 
4 47.0 76 • 2.4 72 • 2.5 
7 378 77 • 0.1 - - -  

NB 1 299 92 • 2.5 85 • 2.1 
3 330 108 • 1.2 99 • 1.2 
4 49.8 141 • 6.8 135 • 5.2 
6 57.2 75 • 4.0 88 • 4.6 
7 290 95 • 0.5 - - -  
8 75.0 90 • 7.6 84 • 4.8 

DMP 2 260 91 • 3.3 105 • 6.3 
5 68.4 103 • 0.6 103 • 3.1 
7 305 99 • 0.6 - - -  
8 123 98 • 18 91 • 10 

4-NP 1 278 107 • 6.8 103 • 6.2 
4 46.2 92 • 2.5 122 • 5.6 
7 310 138 • 1.4 - - -  
8 I I I  226 • 51 114 • 16 

2,4-DNT 3 296 132 • 3.9 108 • 2.7 
6 48.8 92 • 4.1 100 • 6.2 
7 336 100 • 0.7 - - -  

F luor  3 308 107 • 4 .1  99 • 2.2 
6 54.4 98 • 1.6 101 • 5.4 
7 294 98 • 0.2 - - -  

4-CPPE 2 281 84 • 3.4 98 • 6.1 
5 50.4 102 • 1.4 99 • 2.9 
7 354 100 • 0.2 - - -  

a Two samples were analyzed at  the s t a r t  of  each t e s t .  

b 
Four samples were analyzed,  2 each removed from the f r eeze r  at  
48 and 96 hours. 

Each v o l a t i l i t y  t e s t  was conducted in  a mod i f ied  l abo ra to r y  d r y i ng  
oven ( i n s i d e  dimensions 24.3 x 55.9 x 21 cm). The seal around the 
oven door and small openings along the sides and bottom were 
sealed w i t h  duct  tape. Ambient a i r  was p u l l e d  through the oven 
w i t h  l a b o r a t o r y  vacuum. The a i r  entered the bottom o f  the oven 
through two 2.54-cm diameter holes and passed through two over-  
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lapping aluminum baff les located 7.6 cm of f  the bottom of the 
oven. The a i r  flowed out the top of the oven through a 0.64-cm 
diameter glass tube f i t t e d  with a rubber stopper, then through a 
flow meter, and f i n a l l y  through an act ivated carbon f i l t e r  which 
trapped v o l a t i l e  organics. The a i r  flow was maintained at 0.60 • 
0.02 mZ/hr. The temperature was held at 30 • 1~ The re la t i ve  
humidity (RH) was monitored three times per day e i ther  inside the 
oven ( tests 7 and 8), or in the a i r  immediately surrounding the 
oven ( tests 1-6). The range of RH was 32 to 40% ( tests  1-7) and 
23 to 40% ( tes t  8). 

The oven and flow system was characterized for  uniform mixing and 
temperature by conducting a gravimetr ic tes t  with d i s t i l l e d  water. 
The water was placed in 12 beakers set in a 3 x 4 gr id pattern 
inside the oven. An addit ional wa te r - f i l l ed  beaker was placed in 
each of the four corners of the oven. Af ter  118.5 hours, the 
weight loss for each beaker was measured, resul t ing in a percent 
standard deviat ion of 8.1% for those beakers located wi th in the 
grid. The four beakers in the oven corners had a mean evaporation 
rate 27% higher, but since a l l  feed v o l a t i l i t y  tes t  containers 
were placed wi th in the gr id pattern, the flow and temperature 
differences wi th in the chamber were assumed ins ign i f i can t .  

In tests 1-6, 450 g feed was f o r t i f i e d  and mixed. Ten 25-g 
al iquots of feed were weighed into 50-ml beakers and immediately 
placed in the tes t  oven in a 2 x 5 gr id. The feed in each beaker 
was 5.1 cm deep and 1.3 cm from the top of the beaker. Two 
addit ional 25-g al iquots were placed in 60-ml powder bot t les ,  
covered with 35 ml of pest ic ide grade ace ton i t r i l e ,  and stored in 
a re f r igera tor .  These i n i t i a l  feed samples represented the s ta r t  
of each tes t  (time 0). The remaining 150 g of feed was stored in 
the freezer at -22~ Two randomly selected beakers were removed 
from the tes t  oven at 6, 24, 48, 72, and 96 hours. Each 25-g feed 
sample was transferred to a powder bo t t le ,  covered with 35 ml of 
ace ton i t r i l e ,  stored in the re f r i ge ra to r ,  and analyzed within one 
week. At the 48 and 96-hr sampling periods, two 25-g samples were 
removed from the freezer and treated i den t i ca l l y  to the other 
samples. Al l  of the tests were res t r i c ted  to 96 hours to conform 
to time constraints of a f ive-day work week. 

To determine the ef fect  of feed perturbat ion and surface area, 
tes t  7 was performed using both beakers and lO-cm petr i  dishes to 
contain the 25-g feed al iquots.  Six beakers were placed in a 2 x 
3 grid in the middle of the oven and s ix petr i  dishes were 
arranged with the f i r s t  three in f ront  and the second three behind 
the s ix beakers. The surface area of the lO-cm petr i  dish is 6.93 
times that  of the tes t  beakers. The 25 g of feed in the petr i  
dish formed a layer one or two par t ic les  deep (4 to 6 mm). In 
addit ion to the increased surface area, the pet r i  dish samples 
were s t i r red  twice da i ly  with a glass cap i l l a ry  pipet. The petr i  
dish samples represented an extreme case, re la t i ve  to the s ta t i c  
beaker tes ts ,  of high surface area and feed perturbat ion. Two 
samples were randomly col lected at 24, 48, and 96 hours for  both 
the beaker and petr i  containers. 
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Test 8 was ident ical  to the f i r s t  s ix tests except water was used 
as the ca r r ie r  and only four of the more water soluble chemicals 
(B2CEE, NB, DMP, and 4-NP) were used. 

Chemical analysis was performed on a l l  of the feed samples from 
each tes t  as well as those samples stored in the freezer and the 
f o r t i f i e d  corn o i l  and water carr iers .  Each feed sample was 
soxhlet extracted with pest ic ide grade ace ton i t r i l e  for  4 hours 
and brought up to a known volume, usually 100 ml. A small a l iquot  
of the ext ract  was cleaned up on a commercially avai lable 500-mg 
octadecyl reverse phase chromatography column. One ml of aceto- 
n i t r i l e  was added to wet the column, followed by 1 ml of sample 
ext rac t ,  and e lut ion with two 1-ml volumes of ace ton i t r i l e .  The 
f ina l  volume was adjusted to 3.0 ml in a cal ibrated centr i fuge 
tube and analyzed on a Hewlett-Packard 5880A gas chromatograph 
equipped with a 12-meter SE-54 chemically bonded fused s i l i c a  
cap i l l a ry  column and FID and Ni63 EC detectors. Sample extracts 
were measured down to 1 pg/ml without fur ther  cleanup. 

In order to calculate a to ta l  mass balance, the 250 g of act ivated 
charcoal that  was used to trap v o l a t i l e  organics was removed and 
divided into two 125 g sections and each was soxhlet extracted 
s e r i a l l y  with ace ton i t r i l e ,  toluene, and hexane. The extracts 
were analyzed d i r e c t l y  without addit ional cleanup. 

Approximately 90% of the sample extracts analyzed on the gas 
chromatograph were injected and quantitated two or more times. A 
measure of instrument precision over the ent i re range of sample 
concentrations and tes t  chemicals was calculated from the mean of 
the 566 indiv idual  percent standard deviations obtained from the 
repl icate in jec t ions ,  resu l t ing in an overal l  standard deviat ion 
of 4.0%. Since two indiv idual  test  containers located randomly 
wi th in the oven were col lected at each time period and analyzed 
separately, an indicat ion of sample analysis precision was 
obtained by determining the mean of the percent standard devia- 
t ions for  the 273 duplicate feed samples which was 6.5%. 

Each f o r t i f i e d  corn o i l  ca r r ie r  was analyzed separately (before 
adding the car r ie r  to the feed) for  each v o l a t i l i t y  test .  The 
measured percent recoveries of the nominal ca r r ie r  concentrations 
for  a l l  tests and chemicals (n = 32) resulted in a mean percent 
recovery of 99.2% (83.2-110%). 

RESULTS AND DISCUSSION 

A measure of ext ract ion e f f ic iency for  the feed samples was 
obtained by analyzing the f o r t i f i e d  feeds at the s ta r t  of each 
test .  These resul ts  and the resul ts from samples stored in the 
freezer are shown in Table 2. Mean recoveries for  the samples 
col lected at the s ta r t  of each tes t  range from 75.5% for  HCE to 
112% for  4-NP. There appeared to be l i t t l e  change in concentra- 
t ions when the samples were kept frozen for up to 96 hours, 
ind icat ing a possible approach to experimental d ietary t o x i c i t y  
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t es t s  using v o l a t i l e  compounds. The feed could be prepared in 
batch form, d i v ided  in to  d a i l y  t e s t  r a t i o n  q u a n t i t i e s ,  f rozen,  and 
randomly removed d a i l y  as the t e s t  proceeds. 

A l l  of  the feed concen t ra t ion  data were normal ized to a r e l a t i v e  
concen t ra t ion  scale (0 to 100%) by d i v i d i n g  the measured concen- 
t r a t i o n  at a given t ime by the i n i t i a l  measured concent ra t ion  
(C^). Thus, p lo t s  of  log %C vs t ime were used to ca l cu l a te  f i r s t  
order  ra te  constants and ~  f o r  each chemical. The 
normal ized feed concent ra t ions  used to ca l cu l a te  the h a l f - l i v e s  
f o r  each chemical in the f i r s t  seven beaker t es t s  are summarized 
in Table 3. Table 4 shows s i m i l a r  data f o r  the p e t r i  d ish and 
water c a r r i e r  t es t s .  Note t ha t  t es t s  7 and 8 are not r e p l i c a t e d ,  
thus the normal ized concent ra t ions  are not mean values as in the 
beaker t es t s .  For the beaker t es t s  (Table 3) ,  the normal ized 
concent ra t ion  at each t ime per iod  was obta ined from a minimum of 
two and a maximum of f i v e  separate v o l a t i l i t y  t es t s .  Each t e s t  
chemical was tes ted  at both high (ca. 300 pg/g)  and low (ca. 50 
pg/g)  i n i t i a l  feed concent ra t ions  and the mean normal ized concen- 
t r a t i o n s  shown in Table 3 represent  data from at  l eas t  two 
d i f f e r e n t  i n i t i a l  t e s t  feed concent ra t ions .  The r e s u l t i n g  low 
standard e r ro rs  suggest concen t ra t ion  independence. 

Table 3. Normalized feed concent ra t ions  (percent  Co )a at  each 
sample t ime f o r  the beaker t es t s .  

Chemical 6 hr b 24 hr c 48 hr b 72 hr c 96 hr c 

B2CEE 84 + 6.5 71 + 4.4 62 +_ 3.0 58 + 4.4 51 + 4.1 
1,4-DCB 82 + 1.8 59 + 1.9 40 +_ 2.9 33 + 3.7 21 +- 2.9 
1,2-DCB 82 + 8.3 63 + 2.9 43 + 4.2  37 + 4.3 24 + 1.2 
HCE 77 +_ 3.3 54 + 5.3 44 + 1.2 30 + 4.1 18 + 2.0 
NB 94 + 2.4 78 + 2.1 72 + 1.0 65 + 2.0 61 +- 1.4 
DMP 98 + 12 95 _+ 3.6 93 + 5.7 93 + 3.6 89 + 1.2 
4-NP 96 + 0.6 90 + 5.0 94 + 6.6 83 + 7.1 79 +_ 4.1 
2,4-DNT 95 + 8.6 95 -+ 2.7 90 + 2.2 95 + 8.0 90 + 5.5 
F luor  98 + 1.8 96 _+ 2.0 93 + 3.1 97 + 5.8 92 + 3.4 
4-CPPE 98 +_ 13 96 _+ 5.0 94 + 8.5 94 _+ 4.3 91 +- 2.1 

a Percent C is  the measured concen t ra t ion  d i v ided  by the i n i t i a l  
concent ra t ion .  

A l l  values are means from two separate v o l a t i l i t y  t e s t s ,  except  
f o r  NB (n = 4). 

c A l l  values are means from three separate v o l a t i l i t y  t e s t s ,  
except f o r  NB (n = 5). 

The exper imen ta l l y  determined h a l f - l i v e s  were g rea te r  than the 
96-hour t e s t  per iod  f o r  a l l  but th ree  of  the most v o l a t i l e  
chemicals (1,4-DCB, 1,2-DCB, and HCE). Since the h a l f - l i v e s  were 
qu i te  la rge in some cases, thus sub jec t  to exper imental  e r r o r ,  
another v o l a t i l i t y  parameter (96-hr  % l o s s ) w a s  ca l cu la ted  fo r  
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Tab le  4. No rma l i zed  feed c o n c e n t r a t i o n s  ( p e r c e n t  Co) ~ a t  each 
sample t ime  f o r  the  p e t r i  d i s h  and w a t e r  c a r r i e r  t e s t s .  

Water C a r r i e r  

Chemical 6 hr 24 hr 48 hr 72 hr 96 hr 

B2CEE 82 70 61 55 47 
NB 87 82 78 75 66 
DMP 88 96 88 96 72 
4-NP 154 101 81 93 64 

Petri Dish 

Chemical 6 hr  24 hr 48 hr  72 hr 96 hr  

B2CEE - - -  12 - - -  11 10 
1,4-DCB - - -  < I  - - -  <1 <1 
1,2-DCB - - -  <1 - - -  < I  <1 
HCE - - -  <1 - - -  <1 <1 
NB - - -  21 - - -  18 14 
DMP - - -  85 - - -  86 68 
4-NP - - -  85 - - -  88 82 
2,4-DNT - - -  92 - - -  98 87 
F l u o r  - - -  90 - - -  94 78 
4-CPPE - - -  90 - - -  95 80 

a Percen t  C i s  the  measured c o n c e n t r a t i o n  d i v i d e d  by the  i n i t i a l  
c o n c e n t r a t i o n .  

each chemical. The 96-hr % loss represents the percent of the 
in i t ia l  concentration that is lost during the 96-hour test period 
and was calculated from the 96-hr %C value obtained from the 
regression data (log %C vs time) for ~ach chemical. The experi- 
mental half-lives (t�89 ~6-hr % loss, and correlation coefficients 
(r 2) calculated from linear regressions of log %C ~ vs time are 
shown in Table 5. For the beaker tests, greater varlance in the 
regression data shows up in some of the chemicals having longer 
half-lives due to the var iabi l i ty in measuring very small changes 
in concentrations over the 96-hour test. 

Nine of the 10 chemicals tested in the stirred petri dish experi- 
ment had greater vo la t i l i t y  losses than in the static beaker tests 
(Table 5). Three chemicals (1,4-DCB, 1,2-DCB, and HCE) had 
negligible concentrations remaining after 24 hours, thus half- 
lives could only be estimated at less than 3 hours. The hal f - l i fe 
and 96-hr % loss of 4-NP were approximately the same for both the 
static and stirred vo la t i l i t y  t es t s .  Static beaker half-lives for 
six of the less volatile chemicals averaged 2.6 times those of the 
stirred tests, while the three most volatile chemicals had half- 
lives approximately 15 times the estimated values in the stirred 
tests. Although the data from the single water carrier test may 
be inconclusive, the experimental half-lives and 96-hr % loss 
agree within a factor of two with those of the corn oil tests. 
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Table 5. V o l a t i l i t y  ra tes  of  ten p r i o r i t y  p o l l u t a n t s  from t e s t  
feed. 

t�89 a 
Chemical (h r )  96 hr % loss r 2b 

Beaker Test 

B2CEE 111 51 0.92 
1,4-DCB 45.2 79 0.98 
1,2-DCB 49.9 76 0.98 
HCE 42.5 81 0.98 
NB 137 42 0.94 
DMP 660 11 0.92 
4-NP 314 20 0.86 
2,4-DNT 918 9.7 0.52 
Fluor  1080 7.4 0.59 
4-CPPE 816 8.9 0.92 

S t i r r e d  Pet r i  Dish 

B2CEE 35.4 93 0.60 
1,4-DCB <3 c >99 - - -  
1,2-DCB <3 >99 - - -  
HCE <3 >99 - - -  
NB 40.7 88 0.70 
DMP 219 28 0.76 
4-NP 459 18 0.58 
2,4-DNT 772 9.8 0.39 
F luor  367 18 0.61 
4-CPPE 424 16 0.56 

Water Ca r r i e r  d 

B2CEE 99.2 54 0.94 
NB 198 33 0.89 
DMP 333 20 0.45 
4-NP 170 29 0.65 

a t�89 is the exper imen ta l l y  determined h a l f - l i f e .  

b r2 f o r  regress ion of  log %C ~ vs t ime. 

c H a l f - l i v e s  were est imated at  < 3 hours f o r  1,4-DCB, 1,2-DCB, and 
HCE since less than ~ of these chemicals remained a f t e r  24 
hours. 

d Only those chemicals having high water  s o l u b i l i t i e s  (> 1900 
~g/ml) were tes ted .  

642 



A mass balance for  the ent i re series of tests was calculated by 
adding the amount of each chemical recovered from the tes t  feed 
and the act ivated charcoal trap and d iv id ing by the to ta l  amount 
of each chemical i n i t i a l l y  measured in the f o r t i f i e d  feed. 
Percent recoveries for a l l  ten chemicals ranged from 87% for  4-NP 
to 98% for  4-CPPE (mean = 93%). 

Figure I shows the cor re la t ion between the 96-hr % loss in the 
s ta t i c  beaker tests and log vapor pressure for each chemical ( r  2 = 
0.74). Regression analysis of the same data using ha l f - l i ves  
instead of 96-hr % loss resulted in r 2 = 0.60 ( r  2 = 0.86 i f  4-NP 
is not included). In aqueous systems, Henry's law constants, 
which define chemical pa r t i t i on ing  between an a i r /water  in ter face,  
are commonly used in v o l a t i l i t y  modeling (Lyman et al. 1982). The 
ha l f - l i ves  in water can theo re t i ca l l y  be shown to be proport ional 
to the inverse of Henry's law constants assuming the phase 
exchange coef f ic ients  are constant for each chemical (Lyman et al. 
1982). The poor cor re la t ion between t~ vs 1/H ( r  2 = 0.01) and 
96-hr % loss vs log H ( r  2 = 0.39) sugg&sts that  the Henry's law 
constants based on aqueous s o l u b i l i t i e s  are not applicable to the 
o i l / a i r  interface in the f o r t i f i e d  feeds. Log Kow also shows a 
poor corre la t ion ( r  2 = 0.01) with 96-hr % loss. 

' I' i I ' I " I ' 

4 h @2,4-DNT 
04_N P 
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- 1  I I I I t I I I I 
0 20 40 60 80 

96 hr % loss 
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Fig. 1. Measured 96-hour % loss vs - log vapor pressure for each 
chemical in the s ta t i c  beaker tests ( r  2 = 0.74). 
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