
synergist for carbaryl than the technical 
grade and the components ‘were even less 
effective. The high synergistic activity 
of piperonyl butoxide and the sulfoxide 
synergist analogs but not of safrole or 
dihydrosafrole for pyrethrum toxicity to 
houseflies \vas as anticipated (70, 7Q, 16, 
17? 2.2). Pyrethrum synergism was 
optimal \vith the components of the 
2-octylsiilfinyl analog but was also high 
with many other analogs. it‘ith both 
the sulfides and the sulfones, pyrethrum 
synergism decrrased in the order of 1 > 2 
> 3 for the position of sulfur attachment 
to the propyl group. O f  particular 
interest \vas the finding that the more 
polar component (B or B’) was a more 
effective pyrethrum synergist than the less 
polar component (A or A’) of the 2- 
octylsulfinyl and, especially, the l-octyl- 
sulfinyl compounds. ‘The isomeric con- 
figuration about the sulfoxide grouping 
and the asymmetric carbon of the propyl 
grouping. therefore, influences the ac- 
tivity for synergism of pyrethrum toxicity. 

In  tests made under conditions some- 
what similar to those used in this study, 
myristicin has been found to have a high 
degree of sperg ism for carbaryl but not 
for pyrethrum toxicity ( 7  7 ) .  
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Human urine i s  analyzed for p-nitrophenol, a major metabolite of parathion. After acid 
hydrolysis, the urine is  extracted with ether. The ether extract is  then cleaned up by thin- 
layer chromatography. A urine blank i s  employed to account for the remaining urine 
background. The final measurement i s  by the extremely sensitive technique of phos- 
phorimetry. The time required for the entire procedure i s  only 40 minutes and only 
5 ml. of urine is  required for the analysis of urine samples containing at least 0.01 pg. 
of p-nitrophenol. The average recovery of p-nitrophenol in the concentration range 
of 0.28 to 142 pg. per 100 ml. of urine i s  88y0. A relative standard deviation of 2.5% 
is obtained f’or a urine specimen containing 7.0 pg. of p-nitrophenol per 100 ml. of urine. 

N E  of the most commonly used sumers. The methods must be not only sure (3, 6 ) .  The cholinesterase method, 
organophosphorus insecticides is however, does have the advantage of 

measuring the effect of parathion on 
The widely used technique of measur- enzyme activity. The direct spectro- 

parathion. Because of its \videspread use 
and high toxicitv, sensitive and accurate 
analytical techniques are needed in many ing blood cholinesterase activity has photometric measurement of p-nitro- 
agricultural and clinical laboratories to numerous faults when applied to methods phenol excretion in urine is preferred 
protect agricultural worke s and con- for monitoring human parathion expo- ( 7 ,  5. 8 )  in many instances. Thrse 

highly sensitive but also simple enough to 
permit their use for routine analyses. 
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methods still required about 10 pg. of 
p-nitrophenol for an accurate analysis. 
The direct measurement ofp-nitrophenol 
excretion does? however. have several 
limitations. For example. the measure- 
ment of the metabolite does not differen- 
tiate between the different toxicities of 
various forms of parathion-i.e., the 
oxidized form? paraoxon: is much more 
toxic. although ezch form still results in 
the excretion ofp-nitrophenol. Also the 
measurement of p-nitrophenol does not 
differentiate between toxicities resulting 
from variations in routes of absorption- 
e.g., dermal exposure is less toxic than 
respiratory exposure. In spite of these 
limitations, a method of monitoring low 
concentrations ofp-nitrophenol in urine is 
still of great value to the research chemist, 
for the monitoring ofp-nitrophenol in the 
urine of small animals as well as in human 
urine. 

The principles of phosphorimetry have 
been considered by Keirs, Britt, and 
Wentworth (J )% Parker and Hatchard 
(7 ) ,  and Winefordner and Latz (9). 
Freed and Salmre ( 2 )  and Winefordner 
and Latz (9) showed that phosphorim- 
etry could be used for determining con- 
stituents containing conjugated structures 
in biological fluids. jvinefordner and 
Latz (9) also made a thorough study of 
the phosphorescent constituents in blood 
and urine and applied phosphorimetry to 
the accurate determination of low con- 
centrations of aspirin in blood. \Vine- 
fordner and Moye (70) have shoxvn that 
phosphorimetry can be used in conjunc- 
tion with thin-layer chromatography to 
determine small amounts of the major 
alkaloids in tobacco. MTnefordner and 
Tin (77) obtained excellent sensitivities 
using phosphorimetry to determine co- 
caine and atropine in urine. However, 
because the urine was not hydrolzyed, 
the problem of significant urine back- 
ground was not encountered. Because 
small quantities of p-nitrophenol in urine 
were measured in the studies described in 
this manuscript, it was necessary to 
include a hydrolysis step (7). 

Experimental 
Apparatus. All phosphorimetric 

measurements were taken with the 
Aminco Bowman Spectrophotofluorom- 
eter (No. 4-8202) with the phosphoro- 
scope attachment (No. C27-62140: 
American Instrument Company, Inc.. 
Silver Spring, Md.) .  The  mercury- 
xenon lamp (No. 416-993) was used for 
all quantitative measurements. while the 
xenon lamp (No. 416-992) was used to 
record all spectra. The quantitative 
measurements were made Irith the 
following slit program: A? 3 mm.; B. 
4 mm.; C, 4 m m . ;  D? 3 mm. ;  and E, 
3 mm. The  spectra were recorded with 
the following slit program: A? 3 mm.; 
B, 0.5 mm.;  C. 0.5 mm.;  D. 3 mm.;  
and E: 0.5 mm. 

All spectra were recorded with a 
Moseley X-Y recorder (No. 135-A 
F. L. Moseley Co.: Pasadena, Calif.). 

Reagents and Materials. Merck 
silica gel G (Brinkmann Instrument Co.. 
Cantiague Road. \Vestbury: N. Y.) was 
used for all thin layers. Pittsburgh 
microscope slides (Fisher Scientific Co.). 
75 x 25 mm.. were used for thin-layer 
supports. Reagent grade oxalic acid. 
hydrochloric acid. toluene. and diethyl- 
amine were used. Technical grade 
ethyl ether was redistilled a t  a reflux 
ratio of 20 to 1 using a 5-foot vacuum 
jacketed. helices packed column ( 7 7 ) .  
Absolute ethanol (Vnion Carbide) \vas 
purified in the same Lvay as the ether. 
The p-nitrophenol (Eastman) \vas re- 
crystallized from water. 

For calibration of the phosphorimeter 
a toluene stock solution containing 0.2 
ml. of toluene per 100 ml. of ethanol 
solution was prepared. I t  was diluted 
tenfold with ethanol to prepare the 
toluene standard. Both \rere stored at  
0' C. in a refrigerator in screir cap 
bottles. 

Procedure 

Treatment of Urine. To 90 ml. of 
urine, 10 ml. of concentrated HC1 is 
added. A minimum of 5 ml. of urine 
is necessar). to perform the follocving 
studies. The urine is refluxed for one 
hour and then stored lin a refrigerator. 
At least 6 ml. of this urine solution is put 
into a 12-ml. centrifuge tube and spun 
down at  high speed (6000 r .p .m,) .  Then 
exactly 5 ml. is carefully drawn off Frith a 
pipet for analysis. 

Preparation of Thin Layer. The 
silica gel G contains organic contami- 
nants which give a phosphorescent back- 
ground. To remove this background, 
the silica gel is heated a t  700' C. for at  
least 12 hours. This does not destroy 
the normal chromatographic or physical 
properties of the silica gel. although a 
slight pink coloration may become 
evident. 

Fourteen thin layers are simul- 
taneously made by placing 14 75 X 25 
mm. microscope slides on a 20 X 20 
cm. glass plate. A dish 2 cm. deep is 
made by applying a strip of masking 

tape to the edges of the plate. In a 
graduated Erlenmeyer flask with an 
aluminum-wrapped cork. enough 0.1 M 
oxalic acid is added to 150 ml. of the 
cleaned silica gel to make a 150-ml. 
volume slurry. The slurry should be 
shaken thoroughly to ensure that no 
dry clumps of silica gel remain. 

The slurry is immediately and slo\vly 
poured onto the plate. care being taken 
to position the plate on a perfectly level 
surface to ensure even settling of the 
silica gel. The thin layers are room- 
dried. giving a layer thickness of about 
2 mm. when dry. T h t  masking tape is 
then stripped off. and the layers are 
activated at  11 5" C.  for at  least one hour. 
stored at  room temperature and humidity 
(60Tc). and used \\ithour reactivation. 
Care should be taken to prevent dust 
contamination of the activated plates. 

The thin layers are separated with a 
razor blade. and about 2 mm. is trimmed 
off three edges and 4 mm. off the top. 
This alloivs easier handling. 

Extraction of Urine. Only one ex- 
traction of the acidified urine is needed to 
recover essentially all the p-nitrophenol. 
Urine. 5-ml.. is pipetted into a snap-on 
polyethylene capped vial. 6 ml. of ether 
is added. and the vial is shaken vigorously 
for 5 minutes. The aqueous phase is 
removed with a hypodermic syringe 
having an extra long needle. IVater 
beads inside the vial do not interfere. 
After evaporation of the ether solution to 
about 2 ml. in vacuo. the ether solution 
is applied to the activated thin layer. 

Application of Urine Extract to 
Thin Layer. A capillary pipet is made 
from eleven open-end capillary melting 
point tubes. They are mounted side by 
side on a small block of polystyrene and 
have their ends polished smooth to 
prevent chipping of the thin-layer 
surface. 

The ether is applied as a band 1 cm. 
from the bottom of the thin layer. using 
t\vo 1-ml, portions of ether to rinse the 
vial. Care must be taken to avoid 
touching the pipet to the sides of the vial. 
where water may be picked up and 
harmfully applied to the thin layer. 

Table 1. 

NO. Readinga" Reading RatioC A d  

Background Phosphorescence of Urine from Eight Donors 
Urine 

Specimen Acidic Basic 

21 
34 
26 
62 
54 
31 
40 
32 

68 
110 
81 

200 
170 
85 

110 
105 

3 .24  
3 .24  
3 .12  
3 .22  
3 .14  
2 .75  
2 . 7 6  
3 . 3 0  

0 . 1 5  
0 . 1 5  
0 . 0 3  
0 . 1 3  
0.05 
0 . 3 4  
0 . 3 3  
0 .21  

.A\. 3 09 
Std. dev. 0 22 

Rel. std. dev., cc 7 1 
.Average urinary background expressed as equivalent p-nitrophenol concentration in 

micrograms per 100 ml., 1.3. 
a The photometer coarse semiti\-ity scale was 0,001. Fine sensitivity was set as explained 

in calibration procedure but was always close to 40. Internal gain setting of photometer 
was wide open. 

* Corrected for thin-layer-solvent background. 
e Ratio of basic reading to corrected acidic reading. 
d Deviation from mean value. 
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Figure 1 .  Analytical curve for p-nitro- 
phenol in basic ethanol-ether solution 

CONCENTRATION (mdes per Itter: 

With a blast of hot air froin a hair dryer 
close to and focused on the area of appli- 
cation. the time required to apply one 
sample is about 5 minutes. 

Development of Thin Layer. 4 
circular ,jar 11  cm. high and 8 cm. in 
diamrter is uqed as a drbzeloping tank. 
with a glas.: plate for a top. Filter 
paper is used to line the tank. The thin 
layer is developed by the ascending tech- 
nique. .\ layer of ether. about 0.5 cm. 
in depth. is used as the developing sol- 
vent. Development is continued until 
the ether has moved exactly 5.5 cm. 
above thr origin. as can be noted by a 
scratch in the surface of the thin layer. 
All the thin-layer material is scraped 
a\vay \vith a razor blade. except the area 
lvhich is 3.4 to 4.2 cm. above the origin. 
This should be directly above a strong 
blue fluorescent band Lvhich shobvs LIP 
clearly on the thin layer cmder an ultra- 
violet light (primarily 3650 A radiation). 

The  re- 
tained portion of silica gel is scraped into 
a capped vial. and 5 ml. of 0.1M HC1 
is added. The  vial is shaken vigorously 
for 10 minutes. and the slurry is trans- 
ferred quantitatively to a 12-ml. cen- 
trifuge tube Ivirh several 1-ml. rinsings 
of water and spun a t  high speed for 
srveral minutes. The  sup'rrnatant liquid 
is then drcanted into another vial by 
inverting the centrifuge tribe and allow- 
ing a minute for complete drainage. 
Ethrr. 5 ml.. is added to the clear liquid. 
This is shaken vigorously for 5 minutes. 
The nqueou.; layer is removed with a 
hypodermic syringe \vith an extra long 
needle. and the remaining ether is trans- 
ferred with t \vo 1-ml. tvashings to a 10- 
ml. volumetric flask and diluted to the 
mark ivith ethanol. 1-his gives an 
ethanol-ether solution which freezes to a 
clear. rigid glass ( g )  at liquid nitrogen 
temperatures. 

Phosphorimetric Measurement. 
Prior to any phosphorimetric measure- 
ment the instrument is calibrated using 
the standard toluene solution. The  
excitation ivavelength is set a t  270 mp. 
the emission ivavelength: a t  385 mp> 
and the meter multiplier a t  0.3. The  
fine sensitivity of the photomultiplier 
photometer i q  adjusted so that this solu- 

Extraction of Thin Layer. 

Figure 2. Phosphorescence excitation and emission 
spectra for urine background (dotted line) and p-nitro- 
phenol (solid line) in basic ethanol-ether solution 
(meter multiplier 0.003, p-nitrophenol concentration 
5.1 X 1 O-:iM) 

tion gives a reading of 84. This calibra- 
tion is ahvays performed before each 
series of runs, although it rarely requires 
a change in fine sensitivity position. 
The wavelengths of the excitation and 
emission monochromator are then set a t  
265 and 525 mp. respectively. for the 
quantitative measurements on urine. 

To obtain the background phosphores- 
cence due to normal urine-i.e.. urine 
samples containing no p-nitrophenol. the 
ethanol-ether solutions are prepared by 
the procedure described for several 
(from different subjects) urine samples 
containing no p-nitrophenol. These 
solutions are slightly acidic. since the 
ether is saturated u i th  0.lSM HC1. 
The  phosphorescence intensity--ob- 
tained by multiplying the phosphores- 
cence signal read on the photomultiplier 
photometer meter (read as 7c T) times 
the coarse meter multiplier-of the 
acidified ethanol-ether solution was then 
measured. All phosphorimetric read- 
ings are also corrected for the thin-layer 
solvent background. This background 
never exceeded 10 (i.e.: loyo) on the 
0.001 scale, and is obtained by running 
5 ml. of distilled lvater through the entire 
procedure used for the urine samples. 
The ethanol-ether solutions are then 
made slightly basic by the addition of 
four small drops (0.1 ml.) of diethyl- 
amine. Phosphorimetric intensity read- 
ings are obtained for these solutions and 
are corrected for the thin-layer-solvent 
background as described above. The  
ratios of the corrected readings of the 
basic solutions to the corrected readings 
of the acidic solutions gave a n  average of 
3.1 (Table I ) .  Because p-nitrophenol 
showed negligible phosphorescence in 
acidic solution, it is possible to obtain a 
urine blank directly on the urine sample 
being measured by taking a reading of an 
acidic ethanol-ether solution. correcting 
it for thin-layer-solvent background. 
and multiplying it by 3.1. 

To obtain thep-nitrophenol concentra- 
tion in urine : 

1. Obtain the phosphorescence in- 
tensity of the acidified ethanol-ether 
solution. 

2. Subtract the phosphorescence in- 

tensity of the thin-layer-solvent blank. 
3. Multiply the resultant phosphores- 

cence intensity by 3.1 to obtain the 
phosphorescence intensity of the urine 
blank. 

4.  Make the ethanol-ether solution 
basic and measure the phosphorescence 
intensity. 

5. Subtract the phosphorescence in- 
tensity of the thin-layer-solvent blank 
from the phosphorescence intensity of the 
basic solution. 

6. Subtract the phosphorescence in- 
tensity of the urine blank obtained in 
item 3 from the phosphorescence inten- 
sity obtained in item 5. 

7 .  Csing the analytical curve of 
phosphorescence intensity 7;s. p-nitro- 
phenol concentration (see Figure 1): 
determine the p-nitrophenol concentra- 
tion corresponding to the phosphores- 
cence intensity obtained in item 6. 

Calculations. The p-nitrophenol con- 
centration in the original urine sample 
(expressed as micrograms per 100 ml.) 
can then be calculated from the expres- 
sion 

C(pg. '100 ml.) = 3.08 X lo7 I-% 
Lvhere Y = concentration in moles per 
liter as read from the analytical curve 
and the factor 3.08 X lo7 accounts for 
the dilution steps. 

Precautions. .411 glassware must be 
kept immaculately clean and free from 
dust. Only the middle one third of the 
ether and ethanol distillates is used. 
This resulted in solvents of extremel>- 
high purity. Glassware should be 
cleaned with Drene shampoo, and in no 
case should detergent be used (9). 

Special attention should be given to 
the oven for thin-layer activation. If 
the thin layers become contaminated in 
the oven, the oven should be cleaned and 
heated to its maximum temperature 
while the door is periodically opened. 

The microscope slide thin layers should 
be separated with a sawing motion of the 
razor blade rather than \vith a chopping 
mot ion. 

Discussion 

Comparison of the phosphorimetric 
spectra of p-nitrophenol and the urine 
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Table II. Recovery of p-Nitrophenol 
Added to Urine 

p-Nitrophenol, kg." ~ _ _ _ _ ~ _ _  
Recovered 

Added to from 5 ml. Recovery, 
5 ml. urine urine % 

7 . 1  6 4  90 
3 . 5  3 1  89 

0 .014  0 .019  136 
.%v. 8 8 5 <  

" Three separate 5-ml. urine samples for 
each amount were analyzed. The average 
of three results is recorded. Urine used 
was from the same specimen. 

Xnalyzed with relative standard devia- 
tion of 2 . 5 5 .  

' Last sample is excluded from a\-erage. 

component \vhich appeared lvith it on the 
thin layer (Figure 2) shons that nearly all 
of the background is eliminated by 
choosing the correct excitation and emis- 
sion navelengths. Even so. an average 
urine background equivalent to 1.3 pg 
per 100 ml. of p-nitrophenol resulted 
(Table I ) .  This can be accounted for. 
however. with good accuracy by using 
the factor of 3.1. Good recoveries and 
reproducibilities are obtained for ex- 
tremely low p-nitrophenol concentrations 
(Table 11). 

Various thin-layer materials were tried 
including aluminum oxide G ,  polyamide. 
and neutral silica gel. Neutral silica gel 
gave the best separation of these but 
tended to bind small quantities ofp-nitro- 
phenol uniformly over the developed por- 
tion of the thin-layer surface. This gave 
appreciable losses at  low p-nitrophenol 
loads. By making the thin-layer mate- 
rial slightly acidic. it was possible to 
eliminate the sites causing holdup. 
Csing the neutral silica gel plates. it was 
possible to recover only about 70% of 
0.35 pg. of p-nitrophenol by scraping the 
same portion. In  addition. the acidified 
silica gel thin layer turned out to be 

harder and more difficult to chip and 
break in handling. This was especially 
important during sample application 
\\.here the pipet comes in contact with the 
thin-layer surface. The thin layers were 
unusually thick (2 mm.) to prevent 
streaking of the exceptionally large 
amounts of urinary materials. 

Because p-nitrophenol is much more 
soluble in aqueous base than in aqueous 
acid, it would seem that base rather than 
acid should be used to remove the com- 
pound from the thin-layer material. O n  
the contrary, recoveries were extremely 
low when 0.1M NaOH was used, prob- 
ably because the base did not give as 
finely divided particles in the ashing as 
did the 0.1M HC1. Apparently the base 
does not hydrolyze the CaSOi binder, 
and the acid does. Neutral water per- 
formed nearly as \vel1 as acid. 

No attempt \vas made to isolate and 
identify the material causing the small 
urine background reading. I t  appeared 
only afrer the hydrolysis step, holvever, 
and its phosphorimetric characteristics 
were not like those of a host of compounds 
that normally appear in urine. Dialysis 
\vas attempted on the untreated urine in 
the hope that the background com- 
pound(s) might have come from a pro- 
tein. This brought no decrease in back- 
ground as compared \vith urine that \vas 
not dialyzed previous to hydrolysis. 

.A naturally decaying phosphorescing 
species follo\vs the equation I = Zoe-' T ,  

where I is the intensity a t  any time t :  13 is 
the intensity at  t = 0, T is the time re- 
quired for decay to 0.37 of the original 
intensity. and t is the time after which 
excitation is stopped. .4 plot of log 
intensity '8s. time for a decaying com- 
pound gives a straight line. A second 
compound of comparable intensity but 
different T :  if in solution with the first, \vi11 
produce a break in the plot of log inten- 
sity us. time. To obtain this plot, the 
phosphorescence signal owing to the 
urine background was measured on the 
X-Y recorder after cutoff of the exciting 
radiation. The data from the decay 

curve were then transposed to semiloga- 
rithmic paper. Similar semilogarithmic 
plots were obtained at  three different 
emission wavelengths on the urine back- 
ground; each resulted in a straight line, 
indicating the probabi1it)- that the back- 
ground is caused b>- one compound. 

The entire procedure. after hydrolysis, 
requires a t  longest only 40 minutes. In  
addition. the sensitivity of analysis is 
great and good reproducibility and accu- 
racy are attained throughout the range of 
concentrations. The simplicity of the 
method should lead to the use of this 
technique in routine analyses. I t  is 
hoped that this method \vi11 be put to use 
as a routine prxedure by researchers to 
derectp-nitrophenol in urine. 
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