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The identification and quantitation of po ten t i a l  chemical 
po l lu t an t s  and t h e i r  metaboli tes  in  human adipose t i s sue  are o f  
great  importance for  monitoring human exposure to these environ- 
mental compounds. The two highly  chlor inated  phenols,  penta- 
chlorophenol (PCP)and hexachlorophene [2,2-methylenebis (3,4 
6- tr ichlorophenol]  (HCP), are widely used, and i t  wi l l  be of  
great  i n t e r e s t  to e s t ab l i sh  the extent  of  t h e i r  storage in human 
adipose tissue. 

The toxicologica l  importance o f  PCP has been described by 
BEVENUE and BECDOEN (1967) and tha t  of  IEP by ~~P (1969)., 
K]2,~ROU~ (1971) and KIHBROUGH and GAINES (1971). Adequate 
methods of  analys is  in  ur ine  and several  t i s sues  where r e l a t i v e l y  
high levels  o f  these co~pounds are present  by v i r tue  of  acute 
high exposure have been developed, and ur inary  excret ion ra tes  
have been es tabl ished.  

Gas chromatographic analysis  of  PCP in human ur ine  and blood 
as  formation of  the alky1 e thers  was reported by CR&~ER and 
FREAL (1970), BEVEqUE, e t  al (1968), and RIOERS (1971). BAZI~EL 
et  al  (1969) described a method for  the determination of  PCP in 
blood, u r ine ,  t i s sue  and c lo th ing  in which the underivat ized PCP 
was in jec ted  on a gas chromatographic column containing 3% 
diethylene glycol  succinate (DEGS) plus 2% s)rrupy phosphoric acid. 

Electron capture gas chromatograph~ was used te  determine 
HCP in ur ine ,  blood, t i s sues  and agr i cu l tu ra l  samples a f t e r  meth- 
y l a t ion  to produce the corresponding ds e ther  [2,2' methy- 
lenebis  (3,4,6-trichloromethoxybenzene) ] (a/RLEY and }~k~~oE, 1971, 
and GtFfE~,[~ and LISK, 1970). PORCARO and St~JBIAK (1968) 
PORCARO et  a l .  (1959) determined HCP on ht~nan skin and blood by 
gas chromatography a f t e r  preparing the s i l y l  e ther .  B A ~  and 
SHETIAR (1969) determined HCP in b io log ica l  t i s sue  and f lu ids  by 
e lec t ron  capture gas chromato~raphy without preparing a deriva- 
r ive .  The purpose of  th i s  inves t iga t ion  was te  develop a method 
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for  the determination of  low levels  of  PCP and HCP in h~mmn adi-  
pose t i s sue  of  the general population.  

EXPERIb~qTAL 

Gas chromatograph, ~~~cro-Tek ~~r-220 equippedwith  t r i t i um 
foi1 e lec t ron  capture de tec tor ,  and two U-shaped glass colu~ns: 
a) For HCP: 2' x 1/4" o . d . ,  packed with 60-80 mesh Gas Chrom Q 
coated with 2% SE-30; ni t rogen flow ra te  100 ml/min, b) For 
PCP: 6' x 1/4" o . d . ,  packed with 80/100 mesh Chromosorb W. HP 
coa t edwi th  4% SE-30 § 6% QF-1; n i t rogen flow ra te  60 ml/min. 
Temperatures: I n l e t ,  230oc; columns, 200oc; de tec to r ,  215~ 
t r ans fe r  l i ne ,  240~ 

Tissue gr inder ,  Duall Kontes #885380; Chromaflex column, 
size 22, Kontes #420100; Centrifuge tubes ,  13-ml glass stopperod 
and graduated; Concentrator tubes ,  10-ml. Kontes $700S0; Dispos- 
able p ipe t s ;  cent r i fuge .  

Reagents ' 

Sodium hydroxide AR; Potassium h7droxide AR; Hydrochloric 
acid AR; d ie thy l  e ther  AR; Benzene and hexane nanograde; N-ethyl- 
N'-ni t ro-N-ni t rosoguanidine,  Aldrich Chemical Co. ; Sodium su l fa te  
anhydrous extracted with benzene in a Soxhlet extractDr; S i l i ca  
gel ,  Woelm, a c t i v i t y  grade I;  d i s t i l l e d  water extractod with 
benzene. 

p repara t ion  of  Diazoethane Reagent 
t . 

Prepare the reagent uslng the method of ST&NLEY (1966). The 
reagent should be prepared da i ly  and stored in a f reezer .  The 
adherence to the manufacturer 's  ins t ruc t ions  for  handling the 
reagent is recommended. 

Preparation ' of  S i l i ca  Gel ~~�8 

Dry the s i l i c a  gel for  48 hours at  170~ and s tore  in an oven 
maintained Dt 130~ On the day of  use ,  remove the  adsorbent from 
the 130~ oven to a des iccator  and allow to come to romu tempera- 
ture .  Weigh I0 grains of  the dry s i l i c a  gel into a v i a l  with a 
Tef lon- l ined screw cap, add 0.10 ml water and i~mediately cover 
the container  t i g h t l y  and mix. Allow the adsorbent to  equ i l ib ra te  
for  2-3 hours with in termi t ten t  mixing. No p a r t i c l e s  should 
adhere to the sides of the vial after equilibration. The stan- 
dardized silica gel will contain approximately 1% water. 
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Just prior to use, prepare the chromatographic columns by 
adding 1 grain of silica gel (1% water) to the column which has 
been plugged with a small, loose wad of glass wool. Add 2 g. of 
anhydrous sodium sulfate. Introduce the derivatized PCP and HCP 
in hexane onto the cohmm. 

Preparation of Standard Solutions: 

a) PCP: Prepare hexane solutions at concentrations of 2,4, 
and 20 ng/0.1 ml. 

b) HCP: Prepare hexane solut ions at concentrations of  2,20 
and 200 ng/0.1 ml. 

Preparation of  Standard Curves: 

Prepare mixtures of  PCP and HCP as l i s t e d  below by pipet t ing 
0.1 ml al iquots  of  the appropriate individual standard solutions 
into 13-ml centrifuge tubes. 

1) 2 ng PCP + 2 ng HOP 

2) 4 ng PCP + 20 ng [ICI:' 

3) 20 ng PEP + 200 ng HCP 

To each tube add 1.S ml hexane and 0.5 ml 10% NaOH solution.  
.~tix on a Vortex mixer for  1 rein. and centr i fuge to separate the 
two layers.  Aspirate the hexane layer  and discard. Add another 
1. S ml hexane, mix, centr �8 and discard the hexane layer.  
Repeat the hexane ext rac t ion  once more. Add 0.5 ml concentrated 
t~:l to  the aqueous solut ion,  mix and allow to  cool to room tem- 
perature.  Add 1.5 ml die thyl  e ther ,  mix on a Vortex mixer for  
30 seconds and allow the two layers to separate.  Transfer the 
ether layer to a 13-ml centr i fuge tube with a disposable pipet .  
Repeat the ether ext ract ion tadce,  t ransfer r ing  each ether 
ext ract  to the 13-ml centr i fuge tube. In a well ven t i l l a t ed  hood, 
add 2 ml of  f reshly  prepared dizaoethane and alloe, to stand for  
20 minutes. Remove excess reagent by bubbling dry nitrogen 
through the solut ion,  using a disposable pipet  for  del ivery.  Con- 
tinue bubbling nitrogen un t i l  the solut ion has evaporated. Add 
1 ml hexane and 0.5 g anhydrotus sodium su l f a t e ,  and mix for  a few 
seconds on the Vortex mixer. Using the nitro~en del ivery p ipet ,  
t ransfer  the hexane extract  containing ethylated PCP and t EP to 
the s i l i c a  gel microcolunm. 

Rinse the centr ifuge tube with 1 ml hexane and t r ans fe r  to 
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the column. Repeat the hexane rinse and transfer to the colum~ 
once more. Allow the hexane fo sink into the coltmm and discard 
that eluate. Add 8 ml 10% benzene in hexane to the coltmm and 
collect this fraction, which contains ethylated PCP. As soon as 
the solvent sinks in the cohmm, change collection tubes and con- 
tinue eluting with 8 ml 60% benzene in hexane. This fraction 
contains ethylated HCP. 

Adjust the volume of the f i r s t  f ract ion (10% benzene in 
hexane) i f  ,necessary to exact ly 8 ml with hexane. Inject  10 ul 
from each of the three concentrations of PCP into the gas chro- 
matography The sens i t i v i ty  of the electron capture detector  to 
PCP derivative is approximately 2.5 pg. 

Concentrate the second f ract ion (60% benzene in hexane) to a 
volume of 0.S ml under a gentle stream of nitrogen. Inject  10 ul 
from each of the three concentrations of HCP into the gas chro- 
matograph. The sens i t iv i ty  of the electron capture detector  to 
ethylated HCP is 40 pg. A complete reagent blank must be run 
through the en t i re  procedure with each set  of  samples and stan- 
dards. 

Anal),si s of Adipose Tissue: 

Accurately weigh approximately 200 mg of adipose t issue 
directly into a Duall tissue grinder. Add 1 ml of hexane, mix on 
Vortex mixer, and allme to stand for about 30 min. Grind the 
smuple, remove the pestle and wash if with 0.5 ml hexane, all~™ 
ing the hexane wash fo drain into the grinding tube. Add 0.5 ml 
10% NaOH, proceed with analysis as described in the preparation 
of standard curves beginning with "Mix on Vortex mixer for 1 
rein " . + o .  

RESULTS AND DISCEJSSION 

The ethylated derivat ives of PCP and HCP were selected over 
the methylated because of  the i r  be t t e r  gas chromatographic pro- 
perties. The limits of detectability for PCP and HCP in adipose 
tissue are 5 and I0 ppb, respectively. Typical chromatograms of 
PCP and HCP in human fat at the reported levels of detectability 
are shown in Figure i. The background from the reagent blank did 
not allow the detection of lower levels of PCP and HCP. 
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Fig. I Chromy of LWhlyol~4 PCP and Ny 
n Standurd P(P 4,6 pg. d Standarcl HoP 125 pg. 

0.005 ppm Pr l .  Human �9 0.01 ppm Nr tri Human 
Ad; ,osl 71ssue AJi@ose Tissue 

: Ire�9 jent  I I o . k  - Pr f |eagen™ B I g . k .  HCP 

To establish recovery of both PCP and HCP s human adipose 
t i s sue ,  a pooled sample was prepared by rendering adipose t i ssue  
from several individuals at  60~ in a water bath for  about two 
hours. The melt was f i l t e r e d  through glass wool to remove any 
connective or muscle tissues. The sample of pooled and rendered 
fat was prepared in order fo eliminate sample variations. ~e 
sample was kept in a freezer to minimize possible loss or deteri- 
oration. 

Samples s the pooled human fat weighing I00-300 mg were 
analyzed for both PCP and HCP using the procedure described in 
the analysis of adipose tissue. An average of 5 ppb PCP was 
round in six replicates and 30 ppb HCP in i0 replicates of human 
adipose tissue. Replicate smmples of the pooled fat (100-500 mg) 
were spiked with 4.6 ng PCP and I0 ng HCP. The average recover- 
les of PCP and HCP from the replicates analyzed were 75% and 96%, 
respect �8 

Table 1 illustrates the levels of PCP and HCP in human adi- 
pose tissue samples from the general population. The HCP content 
ranged frora N.D. to 80 ppb with a mean value of 20 ppb, if the 
high HCP content of sample 5 is not included. 
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TABLE i 

Sample No,_ PC_[P HCP Sample No. PCP HCP 

1 19 20 11 22 NI) 
2 17 30 12 14 30 
3 52 I000 13 35 20 
4 45 30 14 52 ND 
5 23 20 15 24 ND 
6 25 20 16 12 I0 
7 21 I0 17 12 i0 
8 35 ND 18 29 ND 
9 17 i0 19" 5 30 
i0 20 80 

* Pooled /nd rendered human fa t  sample. 
NT] : Not Detectable. 

I t  can be concluded on the basis of the analysis of human 
adipose t issue samples that  humans are continuously exposed to 
low levels of PCP and t{CP fr~n the environment, food supplies,  
and d is infec tants .  The poss ib i l i t y  of tox�8 e f fec t s  from 
continued exposure of animals and humans to PCP and HCP at high 
and low levels has been considered, but to date there are no 
available studies to es tabl ish the "no e f fec t "  level of  these 
toxicants.  The procedure described in th is  paper is being ruade 
available to the pharmacologists and toxicolo~ists fo aid them in 
their studies. 

S 

4 t 
mil~ules 

Fill. 2 Chromatograms of Var iou l  Dsrivu~ives of HCP 
Q G.C. column 2 ~ x uA" SE-3G 2~  NiJrog*,  f low ra t l  10Q mi / re in ,  

owon temp. ~OO~ Ir|ttum de~ector 
1 - muthy l  dwrivat iv* 
2 - e~hyl derivativQ 

b. G.C. column 2* x ~4" OV-|01 20~  Nitrol lon fk lw ra f l  100 m l . /m tn . ,  
ovon lemp. 270~ ~Ldcel de~ctor  
3 - efhyl derivmtivl  
4 - I r lme l~y l l i l y l  doerlv~lve 
5 - chloroac~lm~ d~r iv~ l~e  
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In addition to the s ens i t i v i t y  of the method for  the deter-  
mination of low levels of PCP and HCP in fa t ,  i t  has an inherent 
advantage in i t s  a b i l i t y  to provide confirmation of iden t i ty .  
The use of aqueous sodim hydroxide and the extract ion of  this  
basic solution with hexane to remove intact  chlorinated hydro- 
carbons which in t e r f e re  with the determination confirms that  the 
compounds remaining in the a lkal i  media are acidic compounds 
which form sodium sal ts  upon treatment with a base. The prepar- 
ation o f  other derivat ives of PCP and HCP can also be used as 
fur ther  confirmation of ident i ty .  CRA~~R and FREAL (1970) pre- 
pared the methy1, e thyl ,  propy1, isobutyl,  buty1, isoam),l, amyl 
ethers of PCP, which have d i f fe ren t  retent ions when injected onto 
various gas chromatographic columns. The methy1 der ivat ive 
(CURLEY and ~~WK, 1971), ethy1 and s i l y l  der ivat ives  (PORCARO and 
SHUBIAK, 1968, PORCARO et  a i ,  1969) and chloroacetate derivat ive 
(SHAFIK et  a i ,  1971) of HCP are also separated by gas chromato- 
graphy. Figure 2 i l l u s t r a t e s  chromatograms of various deriva- 
t ives of HCP. 

Silica gel column chromatography employing selective differ- 
ential elution of PCP with 10% benzene in hexane and HCP with 60% 
benzene in hexane is a further means of confirmation. 

Confirmation of the diethyl  ether  of hexachlorophene and the 
ethyl e ther  of pentachlorophenol was accomplished by mass spectral  
d i rec t  probe analysis.  

References 

BAC}{~~, R. C. and 7{. R..~{ETLAR: Biomedical Medicine 2, 
313-24 (1969). 

BARTHEL, W. F., A. CURLEY, C. L. THRASHER, and V. A. SEDLAK: 
J.A.O.A.C. 52, 294-8 (1969). 

BEVE™ A. ~ H. BEC}COEN: Residue Reviews 19, 83-134 (1967). 
BE~~~IlE, A., ~!. L. EVER~q3N, L. J.  CASARETT, an-ff W. L. YAUGER: 

Journal Chromatog. 38, 467-472 (1968). 
CRAVy ™ and J.  FRF~: Life Sciences 9, 121-8 (1970). 
CUPOEEY, A. and R. HAI~OE: Hexachlorophene 1": Analysis in Body 

Fluids and Tissues of F~xperimental Animals. Presented at the 
161st National ACS Meeting, Los Angeles, ~!arch 28 - April 2, 
1971. 

G[g~, ~;r. S. : Journal Soc. Cosmetic Chemists 20, 173-184 (1969). 
GUTSN)[OENN, W. H. and D. J .  LISK: J.A.O.A.C. T~™ 522-2 (1970). 
KI?,~ROU(]t, R. D.: Archives of Favironmental F~alth 23, 119 (1971). 
K~BROU  ̀ R. D. and T. B. GAI,~S: Archives of FaaviF6nmental 

Health 23, 114 (1971). 
PORCARO, P-7. J.  and P. St~~IAK: Anal. Chem. 40, 1232-7 (1968). 
PORCARO, P. J . ,  P. St~JBIAK and ~L ?~OENO~~'ITZ: --/our. of  Pharma- 

ceut ica l  Sciences 58, 251-2 (1969). 
RIVERS, J. B. : Gas U~�9 Determination of PCP in t kmmn 

Blood and Urine. A New, Rapid 5~thod - Hmy Community Study 
on Pest ic ides,  Pacif ic  Biomedical Research Center, University 
of Hawaii, Honolulu, 96822 (Personal Cormnunication), (1971). 

Sk[AFIK, :4. T., H. C. SULLIV&N and H. F. ENOS: Bul. of Environ- 
mental Contamination and Toxicology 6, 34 (1971). 

STANLEY, C. W.: Jour. Agr. Food Chem.-l_!4 , 321 (1966). 

63 


