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Among the specimens which were processed by the Hawaii 
Epidemiologic Studies Program (HESP) laboratory as poisoning inc i -  
dents, were t issues of an adult male Hawaiian Monk Seal, Monachus 
schauinslandi, which had died while in capt iv i ty  without known 
cause. Various tissues of the animal were brought to the laborat- 
ory for analyses by the veterinary pathologist, State of Hawaii, 
Department of Agriculture, to determine whether the death of the 
monk seal had any connection with exposures to environmental pesti- 
cides or pollutants, particularly to organochlorine compounds. The 
specimens included urine, parts of l iver,  lung and blubber, an 
entire testis, and an entire kidney. 

The monk seal, an endangered species in Hawaii, is a 
re la t ive ly  large animal, the adult male averaging 175 kg (380 Ib ) ,  
TOMICH (1969), and consequently sol id t issues from the animal were 
from correspondingly large organs. Macro methods for representa- 
t ive analyses of these tissues for multiresidues of organochlorine 
pesticides, polychlorobiphenyls (PCBs) and pentachlorophenol (PCP) 
were devised. The methods u t i l i ze  portions of reported analytical 
protocols for the determination of organochlorines in human and 
animal t issues and combines them with other techniques associated 
with pesticide residue analyses. Generally, the tissues with the 
aid of d i s t i l l e d  water and drops of concentrated sul fur ic  acid are 
f i r s t  extracted with hexane or benzene, the separated extractants 
are then cleaned and fractionated by passage through F lo r i s i l  
columns, and the result ing eluates are analyzed by gas-l iquid 
chromatography (GLC) with electron capture (EC) detection. 

METHODS AND MATERIALS 

Organochlorine Pesticides and PCBs 

Extractions in the devised methods are similar to the extrac- 
t ion of organochlorines from blood serum with hexane according to 
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the method by DALE et al .  (1966), which is the mult iresidue method 
out l ined in the EPA, Manual of Analyt ical  Methods (THOMPSON, ed. 
1977). The so l id  t issues,  however, are minced well before ext rac t -  
ing them, and larger sample sizes, 5 - 12 g, are used with 
correspondingly larger amounts of hexane. An extract ion is also 
conducted in a larger cul ture tube, 25 OD x 180 mm, with te f lon-  
l ined screw-cap, and with ca. 5 mL, d i s t i l l e d  water, and ca. i0 
drops of concentrated su l fu r ic  acid. The minced sample is weighed 
and placed into the culture tube. D i s t i l l e d  water is added while 
r ins ing the t issue down the cul ture tube. Acid is then added, 
followed by hexane. Both water and acid f a c i l i t a t e  the extract ion 
with hexane and assist  in separating a re l a t i ve l y  clean ext ract .  
About 15-20 mL hexane are sui table for sample sizes ranging from 5 
to 7 g. The amount of hexane used for  an extract ion may vary and 
depends on the quant i ty  and consistency of the t issue sample being 
analyzed, but the tota l  amount used per sample must be accurately 
measured. Larger quant i t ies of both water and hexane may be used 
to ensure e f f i c i e n t  mixing of the extractant and t issues during 
slow rotati~on (ca. 50 rpm) on a Roto Rack R. The extract ion mix- 
ture is rotated for  a period of about 4 h and is allowed to stand, 
usually overnight.  The tube is then spun in a large capacity 
centr i fuge at 2,000 rpm, and the upper hexane layer is collected by 
means of a disposable p ipet .  As in the analysis of blood serum, an 
accurately measured amount of most of the total  volume of hexane is 
col lected but not necessari ly the ent i re  amount. The extractant is 
then concentrated to ca. 0.5 mL with a gentle stream of nitrogen 
gas. 

A Chromaflex column, 90D x 200 mm long, with a 50-mL 
reservoir  (Kontes 420100, size 22) is packed with F l o r i s i l  of 
chromatographically reproducible qua l i t y .  F l o r i s i l ,  which is 
purged overnight in an oven at 135~ allowed to cool while exposed 
to ambient laboratory temperature, and stored in reagent bott les 
with screw-caps l ined with aluminum f o i l ,  is su i tab le.  The column 
is f i l l e d  with F l o r i s i l ,  which is retained in the column with a 
small wad of glass wool to a height of I00 mm af ter  gentle tapping, 
and the F l o r i s i l  is topped with 20 mm of anhydrous granular sodium 
sul fa te .  Adhering to chromatographic techniques, the column is 
f i r s t  washed with I0 mL hexane, the concentrated extract  is then 
placed on the column with washes kept to a minimum 2 mL, and the 
sample is eluted of f  the column by the fol lowing protocol with each 
f rac t ion  being collected separately: Fraction 1 . . . . . . . . . .  I0 mL, 
hexane; Fraction 2 . . . . . . . . . .  20 mL, 20% benzene in hexane; 
Fraction 3 . . . . . . . . . . .  20 mL, 40% benzene in hexane; Fraction 4 
. . . . . . . . . . . . .  I0 mL, 80% benzene in hexane. 

The concentrations of the f ract ions are adjusted for  GLC 
analys is,  EC detect ion. The quant i t ies of residues are determined 
by including in the calculat ions peak heights, sample weights, 
d i l u t i on  or concentration factors,  and the f ract ions of total  ex- 
t ractants analyzed, as in routine residue analyses of b iological  
extracts by GLC. 

PCBs are collected in f rac t ion 1 with the organochlorine 
pest ic ides,  HCB, a ld r in ,  oxychlordane, trans-nonachlor, p,p'-DDE, 
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and p,p'-DDT. These compounds usually elute off the column com- 
pletely in th is  f ract ion,  par t i cu la r ly  PCB's, but may carry over 
into f ract ion 2. B-HCH, heptachlor epoxide, d ie ld r in ,  and p,p'-DDD 
are collected in f ract ion 2, and may carry over into f ract ion 3 for 
the i r  complete elut ion. Fraction 4 is required to elute d ie ldr in 
completely of f  the column. The elut ion pattern was determined and 
monitored with recovery runs of some mixed standards of organochlo- 
rine pesticides and PCBs. 

Five ~L of standards and samples were usually injected into 
the GLC instrument which operated with the f91Iowing condit ions. 
( I)  Tracor Micro-Tek 220 Gas Chromatograph, uJNi detectors; (2) 
2, borosi l icate glass columns, 1.8 m x 4.0 mm ID; one column packed 
with 4% SE-30/6% OV-210 on 80-100 mesh Gas Chrom Q; second column 
packed with 1.50% 0V-17/I.95% QF-I on 80-100 mesh Gas Chrom Q; 
nitrogen carr ier  gas, 70 mL/min; (3) temperatures: column, 203~ 
i n l e t ,  233~ detectors, 280~ t ransfer ,  250~ Each fract ion was 
analyzed by GLC on both columns having d i f ferent  resolving charac- 
t e r i s t i c s  for organochlorine compounds and PCP. All solvents, 
reagents, and materials were of the qual i ty  or were processed for 
pesticide residue analyses, and standard laboratory glassware were 
cleaned accordingly. 

The macro analytical method for organochlorines in animal 
t issues was applied without d i f f i c u l t y  to al l  of the solid monk 
seal tissues except blubber and urine. With blubber, nearly al l  of 
the macro samples dissolved in the hexane fract ions during the 
extract ion phase and the extracts that resulted were di luted l i p id  
samples. Therefore, the continued processing of these extracts 
through the F lo r i s i l  column could not be conducted with the desired 
results obtained with the other sol id t issues. The l i p id  content of 
these extracts were f i r s t  approximated to be 74.7% by evaporating 
al iquots to constant weight with nitrogen gas and by measuring the 
weights. 2.8 - 3.0 g Portions of the l i p id  were then analyzed 
according to the method for the analysis of organochlorine pest i -  
cides and PCBs in adipose t issue by de FAUBERT MAUNDER et al.  
(1964), MILLS et a l .  (1963), and as outl ined in the EPA Manual of 
Analytical Methods (THOMPSON, ed. 1977). For urine, 2.00 mL sam- 
ples were analyzed by conducting the extractions with 6.00 mL 
hexane and 2 drops of concentrated sul fur ic  acid in proportionately 
smaller culture tubes, 16 x 125mm. 

Commercial beef and cal f  l i ver  samples were fo r t i f i ed  with a 
mixed standard of organochlorine pesticides ranging in levels of 15 
to 240 pg of HCB, B-HCH, a ldr in,  oxychlordane, heptachlor epoxide, 
trans-nonachlor, p,p'-DDE, d ie ld r in ,  p,p'-DDD, and p,p'-DDT, and 
with 3 ng of Aroclor 1260 for  recovery runs. The mixture of 
organochlorine pesticides and Aroclor 1260 were added to control 
l i ver  simultaneously in some t r i a l s  and separately in other t r i a l s .  
The quanti t ies of l i ver  used ranged from ca. 5 - 12 g and approxi- 
mated the actual quanti t ies of monk seal tissues analyzed. For the 
organochlorine pesticides, the averages of recoveries by the macro 
method ranged from a low 73% for aldr in up to greater than 100% for 
B-HCH, and the averages for  the other pesticides were 80 to 90%. 

491 



For Aroclor 1260, the averages of the recoveries of each of the 
components corresponding to 7 GLC peaks quantitated, ranged from BO 
to 99%. 

Pentachlorophenol 

The analysis of PCP in solid tissues was conducted by the 
macro method described for the organochlorines except that benzene 
was used as the extractant in place of hexane. Also, derivat iza- 
t ion (alkylat ion) of the chlorinated phenol in the benzene extract, 
an additional step, was conducted with diazomethane as in the ana- 
lys is  of PCP in urine and blood, CRANMER & FREAL (1970), RIVERS 
(1972), and the EPA Manual of Analytical Methods (THOMPSON, ed. 
1977). The der ivat izat ion is also outlined in a modification of 
the analysis of PCP in urine and blood by the HESP laboratory, 
HESP Annual Report No. 8 (1975). Br ie f l y ,  benzene extracts are 
f i r s t  adjusted with a stream of nitrogen gas (or concentrated by 
other means without loss of PCP) to ca. 5 mL. Derivat izat ion is 
then conducted in a high draft-fume hood by adding diazomethane 
reagent prepared in basic hexane from N-methyl-N'nitro-N- nitroso- 
guanidine, the reaction mixture is cleaned by passage through a 
column of F l o r i s i l ,  and the methyl ether of PCP is analyzed by GLC. 
The derivat ive is eluted off  the F lo r i s i l  column with 20 mL of 20% 
benzene in hexane, followed by an additional 20 mL of 40% benzene 
in hexane to ensure complete elut ion. Monk seal urine was analyzed 
using 2.00 mL samples extracted with 6.00 mL benzene and 2 drops of 
concentrated sul fur ic acid, as in routine urine analyses, HESP 
Annual Report, No. 8 (1975). 

The PCP determinations were monitored by concurrent recovery 
runs with 5-12 g, commercial l i ve r  samples f o r t i f i e d  with solutions 
of the sodium salt  of PCP (prepared in 0.01N NaOH). The level of 
f o r t i f i c a t i o n  was I00 ng for the solid t issues. For urine, re- 
coveries of 50 and I00 ng levels of PCP (Na salt) from 2.00 mL 
control samples were conducted and analytical qual i ty control 
requirements for the laboratory's routine urine analyses were main- 
tained. The recoveries of PCP from these tissues after blank and 
sample corrections were 70 to 96%. 

Blubber extracts in the PCP analyses also required additional 
cleanup processes before analyzing by GLC. With an original 5 g 
sample, a benzene fract ion readily separated after extraction by 
slow rotat ion.  Methylation of the separated benzene extract with 
diazomethane was conducted without d i f f f i c u l t y .  However, when the 
derivatized extract was concentrated, ca. 3 mL of viscous o i l ,  
which could not be reduced in volume any further, resulted. This 
was too much l i p id  to be cleaned by passage through a microcolumn 
of F l o r i s i l .  Therefore, the extract was f i r s t  processed by l iqu id-  
l iqu id par t i t ion ing using large volumes of acetoni t r i le ,  hexane and 
2% sodium sulfate solution, a modification of the acetoni t r i le  
par t i t ion ing by TESSARI & SAVAGE (1980), and then passed through a 
macro F lo r i s i l  column. With ca. I00 mL, aceton i t r i le ,  and hexane 
washes to ta l l i ng  ca. 20 mL, the o i ly  extract was transferred to a 
I-L separatory funnel containing 550 mL 2% sodium sulfate solution 
and I00 mL hexane. The funnel was then shaken for 2 min and 
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allowed to stand unt i l  the aqueous and hexane layers clearly 
separated. The lower aqueous layer was drained into another I-L 
separatory funnel containing another I00 mL hexane and the l iqu id-  
l iquid extraction repeated. The aqueous layer which was extracted 
a second time with hexane was then discarded and the hexane frac- 
t ions were combined and concentrated to 5 mL by low temperature, 
rotary flash evaporation. The hexane concentrate was then chroma- 
tographically passed through a 25 x 300 mm glass column which was 
prepared by packing gently with F lo r i s i l  to a height of I00 mm, 
topping with 25 mm anhydrous granular sodium sulfate, and prewash- 
ing with ca. I00 mL hexane. The methylated PCP was eluted off the 
column with I00 mL hexane. The eluate was concentrated and adjus- 
ted without d i f f i c u l t y  for GLC analysis and gave rise to suitable 
chromatograms. 

The devised methods are simple, re la t ive ly  fast,  f lex ib le ,  and 
may be modified to improve the analyses or to accommodate new and 
problem si tuat ions. Fractions eluted off the F lo r i s i l  column may 
be concentrated again and rechromatographed through freshly prepar- 
ed F lo r i s i l  columns to reduce materials which cause interferences 
and high backgrounds in gas chromatograms. Background materials 
may also be reduced by using 2% sodium sulfate solution rather than 
d i s t i l l e d  H20 during extractions of tissues with hexane or benz- 
ene. Smaller amounts of original l i p id  samples may be used to 
preclude additional cleanup processes. Final ly ,  elution patterns 
of organochlorines off  F lo r i s i l  columns should be determined for 
d i f ferent  batches of F lo r i s i l  and modified accordingly during 
column chromatography to account for differences in batches. 

RESULTS AND DISCUSSION 

The results of the analyses of monk seal tissues for organo- 
chlorine pesticides and PCBs are shown in Table I .  p,p'-DDE and 
Aroclor 1260 were the only organochlorines detected in the tissues 
analyzed. Blubber had the highest levels of both residues, 
followed by l i ve r  and kidney, respectively. Lung and tes t is  had 
approximately similar but even lower levels. There was no detec- 
t ion in urine. Seven components of Aroclor 1260 which gave rise to 
the more consistent and prominent GLC peaks were quantitated. 
Separation of p,p'-DDE which was in the same fraction off  the 
F lo r i s i l  column as Aroclor 1260 (fract ion I) was not necessary 
since i t s  GLC peak did not interfere with the 7 Aroclor 1260 peaks, 
and quantitations with the two materials in the same fraction was 
not a problem. Figure 1 shows typical chromatograms of fract ion 1 
and is one of the l i ve r  samples. The relat ive amounts of p,p'-DDE 
and Aroclor 1260 present were so d i f ferent  that fract ion 1 had to 
be greatly di luted for the quantitat ion of p,p'-DDE (see Figure I ) .  
The same si tuat ion was experienced with the other solid t issues. 
The results l is ted in Table i are based on total weights of samples 
analyzed. The results for p,p'-DDE are from the SE-30/OV-210 
column and the results for Aroclor 1260 are from the OV-17/QF-I 
column. Use of larger amounts of urine in an analysis may have 
detected very low levels of p,p:-DDE and Aroclor 1260. However, 
the small quantity of original specimen l imited the analyses to 2 
mL sample sizes. 
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Table 1 
includes the re- 
sults of repeated 
analyses for each 
of the solid speci- 
mens. Each 
analysis was con- 
ducted with a 
composite tissue 
sample prepared by 
combining samplings 
cut from d i f ferent  
regions of a speci- 
men. The samplings 
were minced and 
mixed together 
wel l ,  and the 
composite which 
resulted was consi- 
dered to be repre- 
sentative of the 
entire specimen or 
organ being analyz- 
ed. For each 
repet i t ion a sepa- 
rate composite 
sample was prepared 
in the same manner 
and analyzed. An 
analysis therefore,  
covered di f ferent  
regions of a speci- 
men and the 
apparent var iat ion 
in results for a 
part icular  specimen 
is due to the 
actual variat ion in 
levels of organ�9 
chlorines in 
d i f ferent  regions 
of the specimen 

and not due to var iat ion in the method of analysis.  By following 
such techniques, an overall analysis of a large specimen was 
believed to have been possible without having to macerate and sa- 
c r i f i c e  the ent ire specimen or organ�9 For the larger specimens, 
l i v e r  and lung, a second repet i t ion was run. 

The monk seal tissues were also analyzed by an alternate micro 
method for organ�9 pesticides in human or animal tissue and 
human milk according to the procedure by ENOS et a l .  (1967), which 
is outlined in the EPA Manual of Analytical  Methods (THOMPSON, ed. ,  
1977). In this method, duplicate 0.5 g samples were analyzed. As 
in the macro method tissues were f i r s t  sampled from d i f fe rent  
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Figure. I .  Gas Chromatograms for  standards 
and for an ex t rac t ,  f rac t ion  I ,  o f f  F lo r i -  
s i l  column of a Hawaiian Monk Seal l i v e r  
sample with p,p'-DDE and Aroclor 1260. 
A - Aroclor 1260 standard showing 12 
charac ter is t i c  peaks, 5 ng. B - l i v e r  
ex t rac t ,  f rac t ion  l ,  concentrated to 5 mL, 
5 ~L i n jec t i on ;  p,p'-DDE present with 
Aroclor 1260. C - mixture of lO 
organochlorine pest ic ide standards; peaks, 
l e f t  to r i gh t ,  HCB, B-HCH, a ld r in ,  
oxychlordane, heptachlor epoxide, t rans-  
nonachlor, p,p'-DDE, d ie l d r i n ,  p,p-r~-~,  
and p,p'-DDT; p,p'-DDE, lO0 pg. D - same 
l i v e r  ext ract  as B, but d i lu ted lO x to 50 
mL; 5 ~L in jec t i on .  

regions of a speci- 
men. Then the 
samples were minced 
and mixed together. 
From this one compo- 
site, two 0.5 g 
samples were weighed 
and analyzed. Table 
2 shows the results 
of the duplicate 
analyses for each 
solid specimen. The 
results are consis- 
tent with those 
obtained by the 
laboratory's multi- 
residue macro 
method, considering 
the variations 
between samplings of 
large specimens, and 
p,p'-DDE and Aroclor 
1260 were the only 
organochlorines 
detected. As expec' 
ted, the precisions 
of the results for a 
specimen by the 
micro method are 
much better than the 
precisions of the 
results by the macro 
method. However, 
the results in the 
micro method are for 
composites of re- 
latively small 
amounts of tissues, 
only a l i t t l e  more 
than l g being 
needed for duplicate 
analyses, and are 
consequently repre- 
sentatives of small 
parts of the speci- 
mens and not of the 
entire specimens. 

Further 
confirmation of the 
presence of p,p'-DDE 
and Aroclor 1260 in 
monk seal t issues 
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Table 3. Results of the 
analysis of pentachloro- 
phenol in Hawaiian Monk 
Seal Specimens 

Specimen PCP,ppb 

Liver  1.0 
Lung 1.5 
Kidney Trace (0.8) 
Test is Trace (0.9) 
Blubber 77 
Urine 66 

though that these res i -  
dues or t he i r  parent 
forms may be implicated 
as contr ibut ing factors 
toward endangering the 
monk seal which is native 
to the Hawaiian Archi-  
pelago. With the excep- 
t ion  of PCP, the levels 
of the residues found in 
monk seal appear to be 
higher than what would be 
expected as normal, part-  
i cu la r l y  in blubber where 
resul ts  are also based 
closer to l i p i d  content. 
In te res t ing ly  though, the 
detection of PCP in 
animal t issues other than 
in urine and blood a f ter  
the review by BEVENUE & 
BECKMAN (1967) and the 
work by BARTHEL et 
ai.(1969) is believed not 
to have been extensively 
studied, except for  an 
isolated determination of 
PCP in human adipose 
t issue by SHAFIK (1973). 

PCP 

PCP L 
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I PCP 
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0 2 4 6 8 io 12 4 io 
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Figure 2. Typical gas chromatograms, 
A-E, for  the analysis of pentachlo- 
rophenol in Hawaiian ~1onk Seal 
t issues.  A - PCP standard, 30 pg; 
B - lung ext ract ;  C - same lung 
extract  as B, but f o r t i f i e d  wi th PCP 
standard; D - kidney ext ract ;  E - 
t es t i s  ex t rac t .  

Although PCP is  water soluble and easi ly  excreted from animals, i t  
apparently is translocated throughout the system and most l i k e l y  
stored, over a period, in the l i p i ds  of t issues.  

The macro methods followed in th is  study, however, are stream- 
l ined without loss of low detection l im i t s  and accuracy, and are 
convenient in handling great numbers of variable specimens. Large 
specimens which are d i f f i c u l t  to sacr i f i ce  en t i re l y  for analysis 
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due to size or specimens of tissues which must be preserved, such 
as those from endangered species, are part icular ly suitable. Since 
the monk seal analyses, the macro methods have been applied to hu- 
man tissues, mainly l iver ,  kidney, fat ,  and brain of infants, with 
reproducible and confirmed results for multiresidues of organochlo- 
rine compounds and PCP. Also, these recent analyses have been 
carried out with an abbreviated elution protocol for the F lor is i l  
column and without additional cleanup. 
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