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A method for the determination. of pentachlorophenol residues in human blood 
has been designed which involves the simultaneous application of acid pH, mild heat, 
and agitation of the sample with benzene extractant for the isolation of the pesticide 
from blood. It is applicable to quantities of one milliliter or less of blood and the 
detectability limits of the pesticide are in the low parts per billion range. 

XNTRODUCTIOX 

Pentachlorophenol and/or its sodium salt is extensively used as a wood preser- 
vative in areas where insect infestation is a problem, as a contact herbicide in agri- 
cultural areas, as a household treatment for termites, and as a disinfectant and 
mildew retardant. Pentachlorophenol (PCP) is a significant problem in occupational and 
industrial usage and, to a degree, a hazard to the public; the magnitude of the problem 
is manifested by the frequency of acute intoxications and occurrence of fatalities 
from this material. Esamples recently reported are industrial intoxications in Canada1 
where one case was fatal; and in Texas” where two cases were fatal. Incidents of public 
intoxication of children from the chemical have been reported in England3 and, most 
recently, in the United States* where two cases were fatal. 

Despite the frequency of acute intosication for some years, data have been 
sparse on the subacute or chronic effects of PCP. In Hawaii, where the use of the 
chemical is heavy, a program has been in progress to search for possible effects of 
chronic exposure. One facet of the study has included a periodic sampling of the 
State’s general population, including a detailed study of a group occupationally ex- 
posed to the chemicals. 

To evaluate chronic effects and to understand more fully the kinetics of human 

* Published with the approval of the Director of the 13awaii Agricultural Experiment 
Station, University of I-Iawsii, as Journal Series No. gg6. 

* * Community Pesticides Study, Wawaii. 
I 
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excretion of PCP, a sensitive nlethocl \va.s needed for tile analysis of tllis compound in 
blood. Tile analytical procedure developed for PCP in urin&, although sensitive and 
yielcling excellent recoveries, \\as not applicable to blood analysis, ancl the available 
methods for tire analysis of this chemical in blood lacked specificity, sensitivity, 
reproducibility, or convenience 7. The proposed method described below is relatively 
rnpicl, sensitive, and reliable. 

Aerograph Rloclel 204-B electron capture detector; I/S in. x 5 ft. spiral boro- 
silicate glass colun~n packed with 3 o/o SE-30 silicone on Cl~romosor-11 MT, acicl-washed 
(AM’) and treated with clin~etl~yldicl~lorosilane (DMCS), So-100 mesl~; col~~n~n temper- 
ature 160 o ; irljection temperature 2oo”; detector t enlperature zoo O ; nitrogen carrier 
gas, flow rate 30 nil/min. 

I; 6r nt Model SIO, electron capture detector; I/4 in. X 4 ft. spiral borosilicate 
glass column packed wit11 a mixture of 5 y. QF-I silicone (IO, ooo cS) and3.3 74 DC-zoo 
silicone (12,500 cS) on Cllromosorb W (AW, DMCS), I-Iigh Performance grade, (so-100 
mesh ; column temperature 170 O, injection temperature 2oo", detector temperature 
2oo”; argon-methane 90 : 10) carrier gas, flow rate 7 j inl/niin. 

Both instruments, were equipped with Leeds and Northrup Speeclomas H 
recorders, I mV full scale, chart speed 0.5 in. per inin. 

~hiduyer claromntog~a$dy ajt$xm-tta~s 

Desaga-Brinkmann apparatus (Brinkmann Instruments Inc., Westbury, 
N.Y.), including 20 x 20 cm glass plates and the Model S-I I applicator. 

I+nj!rcwed sj5ectro~ltoto~~aete~ 
Perkin-Elmer Model No. 337, &-Beam condenser. 

Sulfuric acid, reagent grade, 0.1 nT solution. 
Benzene, Mallinckrodt Nanogracle. 
Heptane, Matheson Coleman and Bell, reagent grade, redistilled. 

( Hexane, Mallinckrodt Nanograde. 
Aluminum Oxide G (E. Merck AC, Darmstadt, Germany). 
Rhodamine B, I y. solution in ethanol. 
Diazomethane solution ; prepared as previously describedG. 

Pe~atuc(tLoro;blzenoL (Enstmn~t Kodak No. 3462) sohtiolas 
Stock solution preparation was IOO mg PCP in IOO ml 0.1 iV sodium hydroxide. 

Standard solutions of methylated PCP were prepared at concentrations which would 
allow injections of 10-200 pg of PCP in j ~1 into the gas chromatograph. An aliquot 
of tile stock solution was added to I ml of 0.1 AT sulfuric acid and 5 ml of distilled 
water in a 30-1111 separator>7 funnel; the mixture was extracted tllree times wit11 5-1111 
portions of benzene. The benzene fractions were combined in a centrifuge tube and 
evaporated to about I ml .on a steam bath (40 “) with the aid o.f a stream of filtered air. 
One milliliter of diazomethane solution was adde,d to the concentrate and tl-re mixture 
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was allowed to stand for 15 inin; then it was aerated with a gentle stream of filtered 
air, at room temperature, to remove any excess cliazomethane, and made to a suitable 
volume .for analysis of the derived nxthylatecl pentachloropl~enol by gas chronlato- 
gf’aphy. 

Exploratory studies with titrated whole blood, to which PCP was added, 
indicated no inherent problems that would inhibit tile recovery or measurement of 
the PCP component with the proposed analytical procedure. Freshly drawn blood, 
stored in heparinized tubes, was analyzed within zq h of the time of receipt. Additional 
blood samples were centrifuged immediately after receipt, the plasma fractions were 
removed and the red cell fractions were washed twice with physiological saline solu- 
tion; the saline waslies were aclclecl to the plasma fractions, and the plasma aud red 
cell fractions were analyzed separately for PCP. 

The sample (1-j ml) was placecl in a 125-1111 glass-stoppered Erlenmeyer flask 
to which was adclecl 20 ml of 0.1 N sulfuric acid, 12 ml of benzene and a r-in. Teflon 
magnetic stirring bar. The flask was stoppered and the contents heated at 50” with 
constant stirring on a combination hot plate magnetic stirrer for 20 min. At the end 
of the heating period, the flask was removed from the heater and cooled inn-necliately 
in an ice bath. The contents of the flask were transferred to a do-ml centrifuge tube 
arid centrifuged for IO min; the upper benzene layer was removed by pipette and 
placed in a graduated test tube, The centrifugate was washed three times with 5-ml 
portions of benzene, with centrifugation between each wash, and the benzene layers 
were combined with the first benzene fraction. The benzene fraction was concentrated 
to about I nil on a steam bath (q.oO) with the aid of a stream of filtered air. One ml 
of cliazomethane solution was aclded to the concentrate and the procedure continued 
as described above for the preparation of the standarcl PCP solutions. 

Standard curves of the pentachlorol~l~enol nlethyl ether were prepared from 
data obtained from the gas chron~atograph. The curves were linear in the range of’ 
10-200 pg. The volumes of the prepared blood samples were adjusted so that 2-10 ,4 
of the solution would produce chromatographic responses within the linear range. 

Thin-layer chromatography was usecl as a qualitative confirmatory procedure 
and also as a means for acquiring a sufficient amount of the suspect conlpouncl for 
conclusive identification by 1.1% absorption analysis. The diazonlethane-treated blood 
concentrates ancl PCP methyl ether standards were chronlatographed on aluminum 
oside G plates (250 ,u thickness) by ascending chromatography, using heptane as the 
developing solvent, The developed plates were air-dried and sprayed with Rhodanline 
I!? solution; the blood samples and the PCP ether standards were compared with 
3Goo A U.V. light. 

The aluminum oxide in the area containing the fraction of the composite sample 
of the blood of occupationally exposed workers coulparable to the l?~ value of the 
PCP ether was scraped from the plate, extracted three times with I-nil portions of 
hesane, and the hexane extract was concentrated to about IOO ,ul with a stream of 

J. Chromatog., 38 (1968) #7-472 



470 A. BEVENUE, L. J. CASARETT, W. L. YAUGER, JR., Af. L. EMERSON 

filtered air at room temperature. The concentrate was mixed with potassium bromide, 
made into a x.5 mm pellet and compared with a similar preparation of a PCP methyl 
ether standard by 1.1”. spectrometry. 

I”\ESUT.TS 

The PCP standards, the fortified whole blood, and the freshly drawn blood 
from occupationally exposed individuals agreed closely in the several analytical 
characteristics examined. The retention times on the columns of 3 o/o SE-30 silicone 
and the QFl-DC200 silicone mixture were similar at 3.5 min and 6.3 min, respectively. 
All samples on thin-layer chromatograms, visualized with Rhodamine B and U.V. 
light, demonstrated Rp values of about 0.65. The comparative I.R. spectra were 
practically identical. The spectra for the PCP methyl ether standard and the material 
isolated from the composite blood sample of the occupationally exposed workers are 
shown in Fig. I. All of the data provided convincing evidence that the material 
isolated from the human blood samples was pentachlorophenol. Ten replicate esperi- 
ments gave a mean value of o.SI p.p.m., with a standard deviation of 0.0s. The 
analytical results of fortified bloods are shown in Table I; recoveries of PCP varied 
from S7 to IOO %, with a mean of g2 %. Pentachlorophenol residue data on the blood 
of individuals, most of whom were regularly and directly exposed to the chenlical at 
work, are given in Table II. Apart from the expected variations of PCP found in the 
bloods, the lowest values were those obtained from samples of the bloods of office 
workers in the wood-treatment plants. Except for subject number S, the plasma 
contained virtually all of the PCP in the blood; the cell fraction contained about I y. 

of the compound after saline washing. It is noted that as little as 20 parts per billion 
(p,p.b,) were detected. Although no attempt was made to define the lower limit of 

I?&. I, I.R. spectra of pcntachlorophenol methyl ether standard (- ) compared with fraction 
isolated from blood of occupationally exposecl workers (-----). 
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TABLE I 

RECOVERY OF Pl3NTACHLOROPHENOL FROM BLOOD 

Sanzfiien Anrdurtt A nzoibnt PCP 
PCP udded recovel*ed 
(w) (pug) 

I 0.25 

2 0.25 

3 0.30 

dI 0.50 
5 0.50 
6 5.00 
;: 5.00 

25.0 

9 50.0 

0.23 
0.32 

o.@ 

0.45 

0.50 
4.65 
4.75 

21.5 

44.5 

92 
ss 
96 
90 

100 

93 
95 
S7 
S9 

a 5.0 g blood sample. 

TABLE II 

PENTACHLOROPHENOL IN HUMAN BLOODn 

Sub jecC Ptasma RBC Whole blood 

I 

2 

3 

: 
7 
S 
9 

IO 

II 

I2 

=3 

0.34- 
0.Q 
o.s7 
2.45 
2.57 
3.95 
6.01 

0.99 0.0s 
8 

4.31 0.02 
4.91 0.03 
z5: .2 0.09 

0.04 
g.oG 0.12 

detection in this study, the value of 20 p.p.b. compares favorably with the limits of 
3-10 p.p.b. found for the analytical method applied to urines. 

The identification of pentachlorophenol has been sufficiently well established 
in these studies to warrant the use of the method for the analysis of this compound 
in blood. Initial studies involving extraction of the blood samples with both polar 
and nonpolar solvents under variable pH (2 to 12) conditions, or refluxing the samples 
for variable periods of time at temperatures ranging from 50” to IOOO at variable pI_I 
(2 - 12) followed by extraction with various solvents were unsuccessful; in all in- 
stances, little or no pentachlorophenol was recovered. The precise ‘mechanism by 
which the described method was successful when others failed is not known. However, 
it is noted that the conditions of acid pH, heat, agitation, and the presence of the 

DISCUSSION 
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benzene estractant were simultaneously involved in the proposed extraction proce- 
dure. Pentacl~lorophenol is a weak acid which readily combines with strong bases to 
give the corresponding water-soluble salt. The highly reactive hydrosyl group of the 
compound suggests a sufficiently strong bonding to blood components to make simple 
extraction procedures inlposslble. 

Similar difficulties with other chlorinated pesticides have been reported. For 
esample, DALE et al.8 reported poor recoveries of several chlorinated insecticides from 
blood extracted with hesane; improved recoveries were experienced by pretreatment 
of the samples with heat 0. DALE mcl coworkers suggested that some of the pesticide 
was bound to the lipoprotein components of the blood. Similar analytical difficulties 
have been noted for phenolic products in sweet corn and mill@ and in pineapplelf. An 
obverse situation is among the postulates suggested to explain the relatively low 
recoveries of dieldrin by hexane extraction in human and dog blood, viz., that the 
dieldrin may bind to a hydrosy or amino group of the blood conlponentsl2. From 
human urinary excretion data on PCP6, it has been suggested that a binding of this 
type occurs in the blood. This postulate is partially supported by igz m&o studies with 
bovine serum albunGn13, 

Any detailed correlative analysis or interp;etation of the PCP data obtained 
from the blood and urine of the subject cases is outside the scope of this paper and 
will be reported separately. The proposed method of analysis for PCP in blood, which 
involves a benzene-aqueous interface coupled with mild heat and low pH, is sufficient- 
ly sensitive, rapid, and reliable to provide data that will permit a better understanding 
of the biological behavior of concentrations of pentachlorophenol in humans. 
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