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Abstract The uptake, distribution, and exchange of chlori- 
nated hydrocarbon insecticides (dieldrin and chlordecone) and 
biphenyls (2,4,5-2‘,4‘,5’-hexachlorobiphenyl and 3-chlorobi- 
phenyl) among human lipoproteins was examined by fluores- 
cence quenching, gel filtration, and ultrafiltration. The chlo- 
rinated hydrocarbons were rapidly taken up from solution or 
silica particles by lipoproteins. The distribution of chlorinated 
hydrocarbons among the lipoproteins was independent of the 
amount taken up by the lipoproteins. The partition coefficient 
for each lipoprotein and the serum concentration of individual 
lipoproteins determined the distribution pattern of chlorinated 
hydrocarbons among lipoproteins. The chlorinated hydrocar- 
bons attached to albumin or one of the lipoproteins were rapidly 
transferred to all other lipoproteins. The exchange was complete 
in less than one minute. The role of rapid exchange of chlo- 
rinated hydrocarbons among lipoproteins in removal of these 
chemicals from blood and distribution to other tissues is dis- 
cussed.-Maliwal, B. P., and F. E. Guthrie. In vitro uptake 
and transfer of chlorinated hydrocarbons among human lipo- 
proteins. J .  Lipid Res. 1982. 23: 474-479. 

Supplementary key words particle mediated uptake fluorescence 
quenching exchange distribution 

Chlorinated hydrocarbon insecticides and biphenyls 
have been widely used in agriculture and industry, re- 
spectively, for several decades. Only recently it has been 
recognized that some polychlorinated biphenyls (PCBs) 
and organochlorine insecticides with very low water sol- 
ubilities persist in the environment and can accumulate 
in human adipose tissues (1, 2). The most likely mode 
of human exposure to these compounds is via contami- 
nated food. Dermal and inhalation exposure can also 
play an important role at work places and during field 
operations. In blood, the chlorinated hydrocarbons (CH) 
with very low water solubilities, such as DDT,  dieldrin, 
chlordecone, PCBs, are associated with lipoproteins ( 3 -  
8). The number of pharmacokinetic studies of CH are 
limited and show a very rapid removal from the blood 
with initial storage, largely in the liver and muscle tissue 
(8-11). A possible explanation may be rapid exchange 
of these compounds among various lipoproteins and ei- 
ther selective uptake of a particular lipoprotein by liver 
(e.g., VLDL has a half life of less than 10 min in the 

rat (1 2)) and/or a rapid transfer of these chemicals from 
lipoproteins to liver and muscle tissue cell membranes, 
which will be facilitated by heavy blood flow through 
these tissues. Rapid exchange of D D T  among trout li- 
poproteins (1 3), between chylomicrons and lipoproteins 
in rat (lo), and transfer of a polynuclear aromatic hy- 
drocarbon, benzo(a)pyrene, among human lipoproteins 
(14) has been reported. T o  test the hypothesis of rapid 
exchange among lipoproteins and its relationship to the 
rapid removal of C H  from blood, we have determined: 
a) the partition coefficients of two C H  insecticides (dield- 
rin and chlordecone), two biphenyls (2,4,5-2’,4’,5’- 
hexachlorobiphenyl (2,4,5-2’,4’,5’-CB), and 3-chlorobi- 
phenyl (3-CB)) for lipoproteins; 6) the lipoprotein 
uptake of CH from silica particles; and c )  the distribution 
and transfer of C H  among lipoproteins. 

MATERIALS AND METHODS 

Chemicals 
[‘4C]Dieldrin (85 mCi/mmol) was purchased from 

Amersham/Searle. [14C]-2,4,5-2’,4‘,5’-CB (9.06 mCi/ 
mmol) was purchased from New England Nuclear. 
[ ‘‘C]Chlordecone (1 9.68 mCi/mmol) and [ 14C]-3-CB 
(1.02 mCi/mmol) were gifts from Dr. H. B. Matthews 
of the National Institute of Environmental Health Sci- 
ences, Research Triangle Park, NC. The radiochemical 
purity (greater than 99%) of all the chemicals was con- 
firmed by thin-layer chromatography with appropriate 
solvent systems. 

Non-radioactive dieldrin and chlordecone were pur- 
chased from Chem Service and 2,4,5-2’,4’,5’-CB was ob- 
tained from Analabs. DADE total lipid reagent and lipid 
reference sera were purchased from American Scientific 
Products. Ultrafiltration membranes with molecular 

Abbreviations: DDT, 1 , l  , l  ,-trichloro-2,2-bis(-chlorophenyl) ethane; 
2,4,5-2‘,4’,5’-CB, 2,4,5-2’,4’,5’-hexachlorobiphenyl; 3-CB, 3-chlorobi- 
phenyl; VLDL, very low density lipoproteins; LDL, low density li- 
poproteins; HDL, high density lipoproteins; PCBs, polychlorinated 
biphenyls; CH,  chlorinated hydrocarbons. 
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weight cutoff points of 300,000 and 1,000,000 (UF type 
F) were purchased from Nucleopore Corporation. All 
other chemicals of ACS grade and solvents of spectros- 
copy grade were purchased from Fisher Scientific Com- 
pany. 
Separation of lipoproteins 

Plasma, pooled from several fasting human males, was 
a gift from Dr. A. C. Chasson, Rex Hospital, Raleigh, 
NC. Human total lipoproteins were initially isolated by 
ultracentrifugal flotation (d 1.225 g/ml), then fraction- 
ated by agarose gel filtration into three classes: very low 
density lipoproteins, low density lipoproteins, and high 
density lipoproteins (1 5 ) .  Purified lipoproteins were an- 
alyzed by standard methods for total lipid (16) and total 
protein (1 7). The lipoprotein concentration was calcu- 
lated by summing protein and lipid contents. 

Measurement of radioactivity 
T o  measure radioactivity, a 0.6-ml solution containing 

C H  was mixed with 5 ml of Triton X-100 scintillation 
liquid (18) and counted on a Packard-Tri Carb Scintil- 
lation Spectrometer. The radioactivity of all C H  was 
about 10,000 cpm/pg. 

Preparation of HDL-protein moiety 
The protein moiety was prepared by the extraction 

of H D L  with ether-ethanol (19). After deliddation, the 
HDL-protein moiety was dialyzed against 0.01 M Tris- 
HCl-0.15 M NaC1, p H  8.5. 

Partition coefficients 
The relative solubility of C H  in buffer with and with- 

out added lipoprotein was used to calculate partition 
coefficients. The buffer and lipoprotein solutions (0.1 
mg/ml for dieldrin, 2,4,5-2’,4’,5’-CB, and 3-CB, and 0.5 
mg/ml for chlordecone) were equilibrated with an excess 
of the compound. The  chlorinated hydrocarbons were 
introduced in small amounts of methanol (0.25% v/v). 
After 24 hr equilibration, the suspensions were centri- 
fuged for 30 min at 20,000 g and the radioactivity in the 
supernatants was measured. The following equation was 
used to analyze the partitioning: 

chlorinated hydrocarbon chlorinated hydrocarbon 
7 

(aqueous) (in lipoproteins) 

where k is the partition coefficient and the concentration 
of the solution is moles of solute per 1000 g of solvent 
or lipoprotein. 

Chlorinated hydrocarbon incorporation and 
distribution among lipoproteins 

The chlorinated hydrocarbons were incorporated into 
lipoproteins using methanol (10 p1 in 3 ml of lipoprotein 
solution) to achieve final concentrations of 10 pM in all 

cases except 100 pM in some experiments (as noted in 
the text). The lipoprotein solutions were equilibrated for 
12 hr with the test chemical before use. For distribution 
experiments, a mixture of lipoproteins (20 to 25 mg in 
3-ml concentrations of individual lipoproteins adjusted 
to simulate plasma levels) was separated on an agarose 
column (Biogel A-5m, 100 ml bed volume, height 50 
cm). The flow rate of buffer was maintained at about 
15 to 18 ml per hr. The eluted buffer was collected in 
small fractions (1.2-1.3 ml) and monitored for protein 
at 280 nm. Radioactivity in each fraction was also de- 
termined. The agarose columns satisfactorily resolved 
VLDL, LDL, and HDL.  The results are expressed as 
% of total radioactivity recovered in each lipoprotein frac- 
tion. 

T o  study the exchange of C H  among the lipoproteins, 
the test chemicals were incorporated into 1 ml of one of 
the lipoprotein fractions. After 12 hr incubation, equal 
volumes of the other two lipoprotein fractions, free from 
the compound, were mixed with this lipoprotein solution. 
After equilibration for 30 min, the lipoprotein mixture 
was applied to an agarose column and individual frac- 
tions were separated as described earlier. Columns were 
subjected to lipoprotein mixtures containing 100 pM C H  
followed by separated lipoproteins containing 10 pM 
CH.  In ultrafiltration studies the same protocol as for 
the gel filtration experiments was followed except that 
the equilibration time was 1 min. After equilibrating the 
lipoprotein mixture for 1 min, pressure (60 psi) was 
applied to the ultrafiltration unit and 1 ml of ultrafiltrate 
(from total volume of 3 ml) was recovered in less than 
2 min. 

Uptake of chlorinated hydrocarbons from silica 
particles 

The rate of uptake was measured by quenching of 
protein fluorescence when the C H  were introduced into 
3 ml of lipoprotein solution (1 mg/ml), either as con- 
centrated methanol solutions (10 pl) or as a coating on 
silica particles (3 mg), containing 75 pg of dieldrin or 
3-CB or 2,4,5-2’,4’,5’-CB, or 30 pg of chlordecone. The 
silica particles were coated with C H  by immersing the 
particles in methanol solution of the chlorinated hydro- 
carbons and evaporating it under nitrogen. The lipo- 
protein solutions were excited at 300 nm (3-nm slit 
width) and emission was measured at 335 nm (5-nm slit 
width). The fluorescence intensity was recorded 10 sec 
after incorporation of the methanol solution. In particle- 
mediated uptake experiments, fluorescence was mea- 
sured at 20-sec intervals after mixing. The lipoprotein 
solutions with the same amount of silica, but without 
any C H  coating, served as controls in these experiments. 
The lipoprotein solutions containing silica particles were 
constantly mixed during the experiments. 
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TABLE 1 .  Partition coefficients of some organo-chlorine insecticides and chlorinated 
biphenyls for human lipoproteins" 

Aqueous 
Solubility VLDL M-l LDL M-' HDL M-' HDL* Protein M-' 

(pmoles/ltter) 

3.2 x io4 (37.5) Dieldrin 0.394 6.5 x io4 9.5 x io4 8.0 x io4 

2,4,5-2',4',5'-CB 0.028 1.2 x lo6 2.2 x io6 2.0 x io6 5.75 x io5 (61.7) 

Chlordecone 3.914 0.2 x io3 0.6 x io3 1.9 x 10' 1.8 X lo3 (116.1) 
3-CB 0.366 3.8 x io4 4.4 x io4 5.0 x io4 N.D. 

a The partition coefficients were measured from relative solubilities in buffer solution (0.01 M phosphate, pH 
7.4, containing 0.15 M NaCl, 25°C) with and without added lipoproteins. After equilibrating the chlorinated 
hydrocarbons for 24 hr, the buffer and lipoprotein solutions were centrifuged for 30 min at 20,000 g to remove 
the remaining insoluble compound. The lipoprotein concentration was 0.5 mg/ml in the case of chlordecone and 
0.1 mg/ml for other compounds. The solubility to calculate the partition coefficient is defined as moles solute 
per 1000 g solvent or lipoprotein. ' The partition coefficients were measured in 0.01 M Tris-HC1 buffer containing 0.15 NaCI, pH 8.5. The 
same results, expressed as percent of partition coefficient of H D L  at pH 8.5, are shown in parentheses. 

Unless otherwise noted, all studies were carried out 
at room temperature (25°C) and in 0.01 M phosphate 
buffer, p H  7.4, containing 0.15 M NaC1. All results are 
an average of three estimations. 

RESULTS 

Partition coefficient 

The partition coefficients of dieldrin, chlordecone, 3- 
CB, and 2,4,5-2',4',5'-CB for VLDL, LDL, and H D L  
are given in Table 1. The partition coefficients ranged 
from about 1 X lo6 M-' in the case of hexachlorobi- 
phenyl to 0.2 X lo3 M-' for chlordecone. With the ex- 
ception of chlordecone, the partition coefficients for dif- 
ferent lipoproteins show little variation for a given CH. 
In the case of chlordecone, the H D L  partition coefficient 
is several-fold higher than that for VLDL or LDL. The 
protein moiety in lipoproteins is also involved in the 
uptake of C H  as suggested by significant partition coef- 
ficients for lipid-free HDL.  The  high partition coeffi- 
cients suggest that C H  would tend to accumulate in li- 
poproteins. 

Distribution among lipoproteins 

Recovery from the columns in the cases of dieldrin, 
3-CB, and 2,4,5-2',4',5'-CB was 80-8570 initially, indi- 
cating some adsorption to agarose. However, all subse- 
quent fractionations with the same column showed more 
than 95% recovery of the applied radioactivity, suggesting 
that the sites on agarose were saturated in the first run. 
Only experiments with more than 95% recovery of ra- 
dioactivity have been included in the results. Recovery 
was greater than 95% in all experiments with chlorde- 
cone. 

The distribution of C H  into three lipoproteins is es- 
sentially the same at two concentration levels (Table 2). 

In the case of dieldrin and hexachlorobiphenyl, about 
one-half of the compound is associated with LDL, while 
the VLDL fraction has less than 20% of the radioactivity. 
H D L  is the main carrier for chlordecone (almost 80% 
of the radioactivity) while the amount present in VLDL 
is insignificant (less than 5%). 

Transfer among lipoproteins 

The exchange of C H  among lipoproteins after incu- 
bation for 30 min and 1 min is shown in Tables 3 and 
4, respectively. The distribution of CH among lipopro- 
teins was the same regardless of which lipoprotein was 
initially labeled. The transfer of C H  among lipoproteins 
was complete in less than 1 min (Table 4). Membranes 
with a cutoff point of 300,000 will allow only albumin, 
while ones with a 1,000,000 molecular weight cutoff 
point will permit passage of only H D L  from the lipo- 
protein mixture. These membranes have some affinity 

TABLE 2. Distribution of some chlorinated hydrocarbons 
among lipoproteins' 

Chlorinated Lipoprotein Concentration 70 Distribution 
Hydrocarbon 
Concentration VLDL LDL H D L  VLDL LDL HDL 

( 4 4 )  fmg/m[i 

Dieldrin 
100 2.0 4.0 3.0 19.3 50.8 29.9 
10 2.0 4.0 3.0 16.4 52.3 31.3 

Chlordecone 
100 1.4 3.1 3.15 4.55 15.7 79.8 
10 1.4 3.1 3.15 4.9 15.4 79.8 

2,4,5-2',4',5'-CB 
100 1.6 4.1 3.05 11.1 60.75 28.1 
10 1.6 4.1 3.05 13.5 53.15 33.14 

a Purified lipoproteins were mixed to simulate original plasma con- 
centrations. About 3 ml of lipoprotein mixture containing the chemical 
was separated on an agarose column. All the experiments were con- 
ducted in 0.01 M phosphate buffer containing 0.15 M NaCI, pH 7.4. 
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TABLE 3. Exchange of some chlorinated hydrocarbons 
among lipoproteinsa 

7O Distribution 

Before Incubation After Incubation 

VLDL LDL HDL VLDL LDL HDL 

Dieldrin 
100 0 

0 100 
0 0 

2,4,5 -2',4', 5'-C B 
100 0 

0 100 
0 0 

C hlordecone 
100 0 

0 100 
0 0 

0 
0 

100 

0 
0 

100 

0 
0 

100 

18.9 
18.5 
18.4 

12.6 
13.0 
13.2 

4.0 
4.6 
4.3 

50.6 
50.1 
51.1 

54.6 
53.5 
55.5 

15.35 
14.5 
14.2 

30.6 
31.4 
30.5 

32.6 
33.4 
31.3 

80.6 
80.9 
81.5 

a Concentration of the chemical was 10 p M .  Other conditions are 
the same as in Table 2. The chemicals were incorporated into 1 ml 
of each lipoprotein fraction in 10 pl methanol. Each labeled fraction 
was then incubated for 30 min with 1 ml each of the other two li- 
poprotein fractions not previously exposed to the chemical and subjected 
to gel filtration. 

for halogenated hydrocarbons. Further, the amount of 
protein that will filter along with the ultrafiltrate will 
depend on the concentration in the solution inside the 
ultrafiltration cell. Thus only a fraction of total albumin 
or H D L  will be recovered in 1 ml of the ultrafiltrate. 
This method is at best a semiquantitative indicator of 
the exchange of C H  among the lipoproteins. However, 
if there is rapid transfer of C H  among lipoproteins, all 
other conditions being the same, the fraction of radio- 
activity recovered with either H D L  or albumin in the 

ultrafiltrate will be the same regardless of which protein 
fraction was initially labeled. The results also suggest 
a rapid exchange of C H  between albumin and lipopro- 
teins. 

Uptake from silica particles 
There was a decrease in the fluorescence intensity of 

lipoproteins due to the incorporation of CH added either 
as methanol solutions or coated on silica particles (Fig. 
1). The extent of quenching varied among different C H  
and between LDL and H D L  for the same compound. 
There were small decreases in fluorescence intensity of 
lipoprotein solutions due to introduction of silica particles 
(from 5 to 10%). A suitable correction was applied to 
the results involving uptake of C H  from the silica-coated 
particles. The rate of quenching indicates that the C H  
are taken up by lipoproteins from the solution in less 
than 10 sec. The uptake from silica, although not as fast, 
is also rapid. About 90% of the chemical is adsorbed by 
lipoprotein in less than 2 min from silica particles. The 
extent of fluorescence quenching is the same for an equiv- 
alent amount of C H  added either in 10 p1 methanol or 
as a coating on silica. 

DISCUSSION 

Because of their very low water solubilities, many C H  
insecticides are associated with particulate matter in the 
biosphere. Therefore, the uptake and bioaccumulation 
in the environment would involve exchange of adsorbed 
C H  from the particulates to the membranes. The ob- 
served rapid uptake of C H  by lipoproteins indicates that 
particle-mediated transport of these chemicals into bio- 

TABLE 4. Transfer of organochlorine-insecticides and chlorinated biphenyl 
among lipoproteins in 1 minute0zb 

After Incubation 7O Radioactivity 
in 1 ml Ultrafiltrate Before Incubation 70 Radioactivity 

LPs VLDL LDL HDL Albumin Dieldrin Chlordecone 3-CB 

100 0 0 0 0 6.0 16.8 6.2 
0 100 0 0 0 5.8 16.6 6.1 
0 0 100 0 0 6.0 17.8 6.8 
0 0 0 100 0 5.6 19.6 5.2 

- 5.1 0 0 0 0 100 - 

a The lipoprotein and albumin concentrations were: VLDL, 2 mg/ml; LDL, 4 mg/ 
ml; HDI, 3 mg/ml; and albumin, 40 mg/ml. The concentration of chemicals was 10 
pM. Albumin was used only in experiments with 3-CB. 

* The chlorinated hydrocarbons were incorporated into each lipoprotein fraction (1 
ml) in 10 pl methanol. Each labeled fraction was then incubated with 1 ml each of the 
other lipoprotein fractions (and albumin in the case of 3-CB) not previously exposed 
to the chemical. The mixture was subjected to ultrafiltration after incubation for 1 min. 
About 1 ml of ultrafiltrate (out of a total volume of 3 ml) was collected in less than 2 
min and analyzed for radioactivity. A membrane with lo6 molecular weight cutoff point 
was used in the experiments with chlordecone and dieldrin, while a membrane with 
300,000 molecular weight cutoff point was used in the case of 3-CB. These membranes 
will allow passage of only HDL and albumin, respectively, from the lipoprotein mixture. 
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Fig. 1. Uptake of chlorinated hydrocarbons by lipoproteins as observed 
by quenching of protein fluorescence. At the indicated time (arrow), 
the chemicals were added either in methanol solution (10 pl, -) or 
as a coating on silica particles ( 3  mg, ---) to lipoprotein solution ( 3  
ml, 1 mg lipoprotein/ml). The solution was excited at 300 nm (slit 
width, 3 nm) and fluorescence emission was measured at 335 nm (slit 
width, 5 nm). The fluorescence intensities of the lipoprotein solutions 
with silica particles without any chlorinated hydrocarbon were taken 
as controls in the experiments involving coated silica particles. 

logical membranes (or any other lipid protein system) 
is an efficient and rapid process. Similar observations 
have been made for particle-mediated uptake of chlori- 
nated pesticides and polynuclear aromatic hydrocar- 
bons by phospholipid vesicles (20, 21) and uptake 
of benzo(a)pyrene by human lipoproteins from glass 
beads (1 4). 

It is generally assumed that the chlorinated hydro- 
carbons are dissolved in the lipid phase of lipoproteins. 
However, the significant partition coefficients for HDL-  
protein would indicate some role for the protein moiety 
in the uptake of CH.  The actual contribution of the 
protein moiety in the uptake of C H  lipoproteins will be 
determined by the relative affinities of protein and lipid 
components for these compounds and the relative con- 
centration of lipids and proteins in the lipoprotein. The 
partition coefficients for dieldrin in the present study are 
in agreement with our earlier observations (8). LDL 

should carry a major portion of C H  in plasma because 
it is the major lipoprotein component of human plasma 
and because of similar partition coefficients of dieldrin 
and PCBs for different lipoproteins. Our distribution 
data in the case of dieldrin and hexachlorobiphenyl, re- 
ported plasma distribution patterns of D D T  and dieldrin 
among lipoproteins in exposed human subjects (4, 5) and 
in vitro distribution of benzo(a)pyrene among lipopro- 
teins (14) substantiated this observation. Unlike other 
CH,  most chlordecone was associated with HDL,  which 
is in agreement with observations made in workers ex- 
posed to chlordecone (7). The reason for preferential 
association of chlordecone with HD1 is its several-fold 
higher affinity for H D L  than that for LDL or VLDL 
(Table 1). The results suggest that the concentration of 
individual lipoproteins in serum and their relative affin- 
ities for C H  will determine the distribution patterns of 
C H  in plasma. Further, the amounts of C H  required 
to saturate plasma can be calculated from the partition 
coefficient, water solubility of the chemical, and serum 
lipoprotein concentrations. The saturation levels would 
be quite large for these four C H  and considerably higher 
than the levels likely to occur during exposure. 

In general, non-polar chlorinated hydrocarbons that 
are efficiently metabolized into more polar derivatives 
are excreted, while those that metabolize slowly are re- 
tained in the body (1, 2, 7, 11). Among inefficiently 
metabolized CH,  the more non-polar compounds such 
as DDT,  dieldrin, hexachlorobiphenyls (partition coef- 
ficients of the order of lo5 M-' or more) accumulate in 
adipose tissue (1,2). However, because of lower apolarity 
(the partition coefficients are two to three orders of mag- 
nitude smaller than those for other CH),  chlordecone 
will be less likely to accumulate in adipose tissue. This 
lack of storage in adipose tissue, inefficient metabolism, 
and an efficient enterohepatic circulatory system (7) 
would explain the high blood and liver concentrations 
in the case of chlordecone. The partition coefficients of 
dieldrin, hexachlorobiphenyl, and 3-chlorobiphenyl for 
lipoproteins observed in the present study compare fa- 
vorably with values reported for hexane-water (22) and 
octanol-water systems (23). 

One of the aims in the present investigation was to 
determine if there is any rapid exchange of C H  among 
lipoproteins. Our observations (Tables 3 and 4) clearly 
suggest very rapid transfer of these chemicals among li- 
poproteins which is complete in less than 1 min. Earlier 
reports of in vivo and in vitro exchange of D D T  and 
benzo(a)pyrene from chylomicron to lipoproteins and 
among lipoproteins were either based on separation of 
lipoproteins by ultracentrifugation (10, 13, 14) or by 
electrophoresis (1 3). These techniques are time-consum- 
ing, especially ultracentrifugation, which takes at least 
24 hr to complete and is performed in the presence of 
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very high ionic strengths. In comparison, ultrafiltration 
could be carried out at ionic strength similar to that in 
vivo and was completed in less than 2 min. 

VLDL has a half life of less than 10 min in rat plasma 
and is avidly taken up by the rat liver (12). Also, a rapid 
exchange of C H  between hepatic tissues and lipopro- 
teins, similar to that observed among lipoproteins, can 
also occur as liver is one of the most highly perfused 
tissues in the body. Thus, uptake of VLDL and rapid 
exchange of C H  from lipoproteins to liver cell mem- 
branes during blood flow could result in rapid removal 
of an intravenous dose from blood and initial accumu- 
lation in the liver (9-1 1). This exchange will also explain 
similar rapid clearance of 3-CB from blood, even though 
it is only partially associated with lipoproteins (6). 
Chemicals that are bound only to albumin and show no 
association with lipoproteins should have a different rate 
of clearance from blood. Depending upon their affinities, 
many drugs that are bound primarily to albumin in 
serum have t1/2 for plasma clearance ranging from a few 
hours to several days (24) as compared to less than a few 
minutes for these C H  (9-1 l) .M 
This research was supported in part by Grant No. PHS ES- 
00044 from the National Institutes of Health. This is paper 
no. 7052 of the Journal Series of the North Carolina Agricul- 
ture Research Service, Raleigh, North Carolina. 
Manuscript received 3 August 1981 and in revisedform 3 December 
1981. 
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