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Effect of Low-Dose y-Radiation on Individual Phospholipids 
in Aqueous Suspension 
P.W. Tinsley and G. Maerker* 
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A series of individual phospholipids (phosphatidylcholines, 
phosphatidylethanolamines, phosphatidylserines and phos- 
phatidylglycerols) containing either saturated or unsatu- 
rated fatty acid chains was irradiated at 9.66 kGy and 
0-4°C in aqueous suspension. The phospholipids were 
analyzed by normal-phase high-performance liquid chro- 
matography on a silica column with an evaporative light 
scattering detector. Phospholipid disappearance and pro- 
duction of two radiolytic products, phosphatidic acid and 
the lysophospholipid, after irradiation were quantitated 
from calibration curves of synthetic standards. Dipalm- 
itoylphosphatidic acid and monopalmitoylphosphatidyl- 
choline from irradiated dipalmitoylphosphatidylcholine 
were identified by liquid secondary-ion mass spectrometry. 

KEY WORDS: High-performance liquid chromatography, liquid 
secondary-ion mass spectrometry, lysophospholipid, phosphatidic acid, 
phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, 
phosphatidylserine, ~radiation. 

Acceptance and utilization of irradiation in food preserva- 
tion varies greatly worldwide Thus, fast and efficient ana- 
lytical methods are needed to determine whether food has 
been irradiated. Because phospholipids play an important 
structural and functional role in all cellular membranes, a 
thorough examination of phospholipid radiolysis could yield 
an effective means for the detection of irradiated food. 
Because regulation of irradiated meat is a primary concern, 
the two major meat phospholipid classes, phosphatidyl- 
choline (PC) and phosphatidylethanolamine (PE), were of 
greatest interest in this study. Two minor phospholipid 
classes, phosphatidylserine (PS) and phosphatidylglycerol 
(PG), were also examined. Due to the chemical complexity 
of meat, a model system is essential in developing an undeP 
standing of the effect of y-radiation on phospholipids. Phos- 
pholipids in nature are usually in close proximity with water, 
thus an appropriate model should involve phospholipids in 
an aqueous en 'v]ronment. 

Phospholipids are routinely detected by thin-layer cb_r~ 
matography (TLC) (1,2), and recently methods have been 
developed for their quantitation by high-performance liquid 
chromatography (HPLC) (3-11). TLC, while an excellent 
screen for phospholipids, lacks the sensitivity required for 
this study. Because phospholipids contain no strong chro- 
mophors, most HPLC analyses are based on normal-phase 
methods monitored at lower ultraviolet (UV) wavelengths 
(200-210 nm) (2-5). With the recent introduction of evapor ~ 
ative light-scattering detectors (ELSD), the quantitation of 
phospholipids by HPLC has become easier and more sen- 
sitive (8-11). Thus, in this study, phospholipid quantitation 
was accomplished by normal-phase HPLC monitored by an 
ELSD. 

In 1959, Coleby (12) exposed lecithin and hydrogenated 
lecithin to high,energy electrons (2 MeV) and reported the 
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formation of lysophosphatidylcholin~ fatty acids and phos- 
phorylcholine Nawar (13-15) reported that dipalmitoyl- 
phosphatidylethanolamine (PPPE) or palmitic acid ir- 
radiated at 500 kGy formed similar volatile hydrocarbons 
and demonstrated by TLC the formation of lysophospha- 
tidylethanolamine and phosphorylethanolamine from ir- 
radiated PPPE. Sevilla (16) detected several radicals, in- 
cluding the phosphorylethanolamine radic~ by electron spin 
resonance (ESR) when polycrystalline PPPE was irradiated 
at 500 kGy. 

The effect of y-radiation on phospholipids incorporated in 
model and in natural membranes also has been examined. 
Ianzini (17) showed by TLC the formation of lysophospha- 
tidylcholine and palmitic acid upon irradiation of PC incor- 
porated into multilayer liposomes. Cantafora (18) reported 
a decrease in polyunsaturated fatty acid content of PE, but 
not of PC, after erythrocyte ghosts were irradiated with in- 
creasing doses from 0.5 to 4.6 kGy. 

Several biological samples have been analyzed for the ef- 
fect of y-radiation on the endogenous phospholipids. Ban- 
cher (19) found phosphatidic acid to be a radiolytic product 
of both peanut oil irradiated at 100 kGy and walnut oil ir- 
radiated at 5 and 100 kGy. Lysophosphatidylcholine was 
also formed during the radiolysis of walnut oil. Hafez (20) 
showed by TLC that both phosphatidic acid and lysophos- 
phatidylcholine are formed from soybean seeds irradiated 
at 40-100 kGy, but not at lower doses. 

The above studies indicate that phosphatidic acid, lys~ 
phospholipids, fatty acids, the phosphoryl-base and volatile 
hydrocarbons are phospholipid radiolytic products. However, 
no attempt has been made to measure either the disap- 
pearance of the irradiated phospholipid or the amount of 
radiolytic products generatecL Likewise the studies did not 
positively identify the radiolytic products. 

This manuscript examines the effect of low-dose y-radi- 
ation on individual phospholipids in aqueous suspension. 
Normal-phase HPLC methods, monitored by an ELSD, were 
developed to determine the effect of y-radiation on the in- 
dividual phospholipids and to quantitate and identify several 
phospholipid radiolysis products. 

MATERIALS AND METHODS 

Chemicals. All HPLC-grade solvents (chloroforrm meth- 
anol and water) were obtained from Burdick and Jackson 
(Muskegon, MI). ULTREX ultrapure reagent-grade am- 
monium hydroxide (22.9%) was obtained from J.T. Baker 
(Phillipsburg, NJ). Synthetic dipalmitoylphosphatidyl- 
choline (PPPC), 1-palmitoyl-2-oleoylphosphatidylcholine 
(POPC), dioleoylphosphatidylcholine (00PC), dipalmitoyl- 
phosphatidylethanolamine (PPPE), 1-palmitoyl-2-oleoyl- 
phosphatidylethanolamine (POPE), dioleolylphospha- 
tidylethanolamine (OOPE), dipalmitoylphosphatidylser- 
ine (PPPS) sodium salt, 1-palmitoyl-2-oleoyl-phospha- 
tidylserine (POPS) sodium salt, dioleoylphosphatidyl- 
serine (OOPS) sodium salt, dipalmitoylphosphatidylgly- 
cerol (PPPG) sodium salt, 1-palmitoyl-2-oleoyl-phospha- 
tidylglycerol (POPG) sodium salt, dioleoylphosphatidyl- 
glycerol (OOPG) sodium salt, monopalmitoylphospha- 
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tidylethanolamine (LPE) were obtained from Avanti Polar 
Lipids (Alabaster, AL). Synthetic dipalmitoylphosphatidic 
acid (PPPA) free acid and PPPS free acid were obtained 
from Sigma Chemical (St. Louis, MO). 

Phospholipid suspensions. Aliquots (250 gL) of a stock 
solution (20 ~mol/mL) for each phospholipid dissolved in 
chloroform or 2:1 chloroform/methanol (PPPE and non- 
salt PPPS) were evaporated to dryness with a nitrogen 
stream, and 1.0 mL of HPLC-grade water was added to 
give a final suspension of 5.0 ~mol/mL. The samples were 
suspended by vortexing for 1 min and sonicating for 5 
min, twice in sequence. The samples were kept at 0-4°C 
and were vortexed just  prior to irradiation. 

7-Radiation. Phospholipid aqueous suspensions (5 
gmol]mL) were irradiated at 0-4°C with a laTCs source 
(0.114 kGy/min) to a final dose of 9.66 kGy. The dose rate 
was established by using National Physical Laboratory 
(Middlesex, United Kingdom) dosimeters. Variations in 
dose were minimized by the use of small samples placed 
in a uniform portion of the radiation field. Samples were 
maintained at the desired temperature during irradiation 
by the injection of liquid nitrogen into the irradiation 
chamber. Control samples consisted of nonirradiated 
suspensions kept at 0-4°C. Both irradiated and control 
samples were frozen at -80°C, lyophilized to dryness (~12 
h) and stored at -80°C  until analyzed by HPLC. 

HPLC instrumentation. Phospholipid HPLC analyses 

were performed with a Waters (MiUipore, Milford, MA) 510 
pump operated with an Autochrom (Milford, MA) Model 
300 static gradient controller, followed by a Spectra- 
Physics (San Jose, CA) SP8500 dynamic mixer. Chro- 
matography was performed on a Chrompack (Raritan, NY) 
ChromSep 7-micron LiChrosorb Si 60 silica glass column 
(10 cm X 3.0 mm) preceded by a silica guard column (10 
>< 2.1 mm) in a metal cartridge system. Samples were 
reconstituted in 250 ~L of 2:1 chloroform/methanol prior 
to injection on a Rheodyne (Cotati, CA) Model 7125 in- 
jector fitted with a 50 t~L loop. A Varex (RockviU~ MD) 
Model IIA ELSD was operated at 80°C (exhaust at 
54.7°C) with nitrogen as the nebulizing gas  (43 psi). 

Phospholipid chromatography. Becart's HPLC method 
(8) was modified. A binary gradient HPLC method (Table 
1) was developed for the chromatography of the individual 
phospholipids of the PC, PE and PG classes. The gradient 
HPLC method was used in determining the disappearance 
of the phospholipids after irradiation. The individual PS 
phospholipids, used for the disappearance study, were 
determined by isocratic HPLC with a mobile phase of 
ch loroform/methanol /wate r /ammonium hydroxide  
(70.25:27:2:0.75) at a flow rate of 0.6 mL/min. 

Radiolytic product chromatography. Two binary-gra- 
dient HPLC methods (Table 1) were developed for the 
chromatography of PPPA and the lysophospholipids, the 
radiolytic products of PPPC and PPPE. The PPPA gen- 

TABLE 1 

Mobile-Phase Gradients for the Determination of Phospholipids and the Radiolytie 
Products Formed from PPPC and P P P E  a 

Gradient for determination of phosphatidylcholine, phosphatidylethanolamine 
and phosphatidylglycerol 

Time (rain) Mobile phase percent (vol/vol) 
Eluant A b Eluant B c 

0 78 22 
4 78 22 

17 65 35 
20 40 60 
22 40 60 
27 78 22 

Flow rate (mL/min) 

0.6 

Gradient for the determination of the radiolytic products of PPPC 

Time (rain) Mobile phase percent (vol/vol) Flow rate (mL/min) 
Eluant C d Eluant B 

0 80 20 
20 20 80 
23 80 20 

0.4 

Gradient for the determination of the radiotytic products of PPPE 

Time (min) Mobile phase percent (vol/vol) Flow rate (mL/min) 
Eluant C Eluant B 

0 100 0 
2 100 0 

20 30 70 
25 100 0 

0.8 

aAll injections were made every 37 min. PPPC, dipalmitoylphosphatidylcholine; PPPE, 
bdipalmitoyl phosphatidylethanolamine. 
Eluant A: chloroform/methanol/ammonium hydroxide (85:14:3:0.7). 
EEluant B: chloroform~methanol~water~ammonium hydroxide {60:34:5.3:0.7L 

luant C: chloroform/methanol/ammonium hydroxide (80:19.3:0.7). 
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e r a t ed  f rom i r r ad i a t ed  P P P G  was d e t e r m i n e d  b y  i socra t i c  
H P L C  in c h l o r o f o r m / m e t h a n o l / w a t e r / a m m o n i u m  hydrox-  
ide  (76.5:21:1.75:0.75) a t  a flow r a t e  of 0.4 mL/min .  

Quantitation. For  each  phospho l ip id  analyzed,  a cal ibra-  
t i on  curve  was  c o n s t r u c t e d  f rom t h e  p h o s p h o l i p i d  s t o c k  
so lu t ion  (20/~mol/mL) a n d  two or  th ree  s tock  so lu t ion  dilu- 
t ions .  F o r  each  r a d i o l y t i c  p roduc t ,  t h e  c a l i b r a t i o n  cu rve  
was  c o n s t r u c t e d  b y  d i lu t ions  of s t o c k  s y n t h e t i c  l ip id  solu- 
t ions .  The  d e t e c t o r  r e s p o n s e  (peak area) was  p l o t t e d  
a g a i n s t  t h e  p h o s p h o l i p i d  m a s s  (mol). S t a n d a r d s ,  con t ro l  
s a m p l e s  and  i r r a d i a t e d  s a m p l e s  were a n a l y z e d  in dupl i -  
cate,  excep t  t h e  P P P C  a n d  P P P E  c a l i b r a t i o n  curve  s t an -  
d a r d s  for t h e  r a d i o l y t i c  q u a n t i t a t i o n  s tud ies ,  wh ich  were 

a n a l y z e d  b y  s ingle  de t e rmina t i ons .  A l l  ca l i b ra t i on  curves  
were f i t t e d  to  a non l inea r  e x p o n e n t i a l  m o d e l  b y  m e a n s  of 
t he  cu rve - f i t t i ng  so f tware  "Table  Curve"  f rom J a n d e l  
Sc ien t i f i c  (Corte  M a d e r a ,  CA). A n  ave rage  of t he  coeffi- 
c i en t s  of  d e t e r m i n a t i o n  for t he  ca l i b r a t i on  curves  for each  
p h o s p h o l i p i d  is  g iven  in  Table  2 a n d  3. 

Mass spectrometry. P P P A  a n d  L P C  were col lec ted  f rom 
severa l  H P L C  in j e c t i ons  of  i r r a d i a t e d  P P P C  a n d  evapor-  
a t e d  to  d r y n e s s  w i t h  a s t r e a m  of n i t rogen .  L i q u i d  sec- 
ondary - ion  m a s s  s p e c t r o m e t r y  (LSIMS)  in b o t h  t he  nega-  
t i ve  ( - )  ion a n d  p o s i t i v e  (+) ion m o d e  was  p e r f o r m e d  on  
a VG A n a l y t i c a l  (Manches te r ,  U n i t e d  K i n g d o m )  ZAB-T 
m a s s  spec t rometer .  L S I M S  ion iza t ion  was  effected b y  the  

TABLE 2 

Disappearance of Phospholipids After Irradiation a 

Recovery of Disappearance 
control b after irradiation c Phospholipid 

irradiated mol percent tool percent (range) N d r 2e tR f 

p p p c g  98.5 3.1 (2.7-3.5) 3 0.988 11.7 
POPC 97.5 2.7 (1.5-3.5) 3 0.999 10.7 
OOPC 95.8 7.5 (7.3-7.9) 3 0.988 10.2 

PPPE 96.5 2.0 (0.4-3.1) 4 0.973 6.8 
POPE 92.5 1.9 (--2.2-5.9) 2 1.000 6.3 
OOPE 98.5 -0 .3  (-0.5-0.4) 2 1.000 6.3 

PPPG (Na + Salt) 91.0 28.6 (26.4-30.8) 2 1.000 5.7 
POPG (Na + Salt) 94.5 22.9 (22.3-23.4) 2 0.996 5.3 
OOPG (Na + Salt) 95.0 21.1 (20.5-21.6) 2 0.993 4.8 

PPPS 97.0 3.4 (0.5-7.3) 4 0.991 12.0 
PPPS (Na + Salt) 95.1 10.7 (9.4-12.0) 2 0.993 12.2 
POPS (Na + Salt) 99.0 19.0 (17.9-19.8) 4 0.994 11.6 
OOPS (Na + Salt) 100.3 26.9 (13.9-40.0) 4 0.983 9.2 
a o . Five ~mol/mL phospholipid aqueous suspension irradiated at 9.66 kGy (0-4 C). 
°The recovery of the phospholipid in the unirradiated sample after lyophilization as 
determined from a calibration curve. 

CThe phospholipid in the control sample minus the phospholipid in the irradiated sample. 
dThe number of determinations. 
eThe mean of the coefficient of determination for all the calibration curves used. 
fThe mean of the retention times (tl0 for four injections of phospholipid (1 ~Lmol). 
gPPPC and PPPE as in Table 1. POPC, 1-palmitoyl-2-oleoylphosphatidylcholine; OOPC, 

dioleoylphosphatidylcholine; POPE, 1-palmitoyl-2-oleoylphosphatidylethanolamine; 
OOPE, dioleoylphosphatidylethanolamine; PPPG, dipalmitoylphosphatidylglycerol; 
POPG, 1-palmitoyl-2-oleoyl-phosphatidylglycerol; OOPG, dioleoylphosphatidylglycerol; 
PPPS, dipalmitoylphospbatidylserine; POPS, 1-palmitoyl-2-oleoyl-phosphatidylserine; 
OOPS, dioleoylphosphatidylserine. 

TABLE 3 

Quantitation of Radiolysis Products from Phospholipids a 

Disappearance 
after irradiation b 

Phosphatidic acid formed 
after irradiation c 

Lysophospholipid formed 
after irradiation c 

mot mol tool 
PL d percent r 2e tR f percent r 2e tR f percent r 2e tR f 

PPPC g 2,4 0.975 10.6 0.41 1.000 23.6 0.59 1.000 28.5 
PPPE 1.3 0.945 9.6 0.17 1.000 23.4 0.063 1.000 19.9 
PPPG 25.8 0.997 4.7 19.6 0.995 23.9 --  --  --  

aFive ~ o l / m L  phospholipid aqueous suspension irradiated at 9.66 kGy (0-4°C). 
bThe phospholipid in the control sample minus the phospholipid in the irradiated sample. PL, phospholipids. 

~p ased on the total phospholipid in the irradiated sample. 
hospholipid irradiated. 

eThe coefficient of determination for the calibration curves used. 
fThe mean of the retention times (t R) for three injections. Note that  for each phospholipid a different high- 

performance liquid chromatographic method was used (see text). 
gAbbreviations as in Table 2. 
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impact of high-energy cesium ions on the sample dispersed 
in a matrix of triethanolamine. The LSIMS sample ions 
were accelerated to a potential of 8 kV. The mass range 
of 50-2000 amu for (+) ion LSIMS and 100-1000 amu for 
(-) ion LSIMS was calibrated against cesium iodide. The 
mass spectrometry was performed by the Center for Ad- 
vanced Food Technology, Cook College, Rutgers Univer- 
sity (New Brunswick, N J). 

RESULTS AND DISCUSSION 

The HPLC gradient system was developed to monitor the 
disappearance of each phospholipid after irradiation and 
the production of the expected radiolytic products. The 
same binary gradient (Table 1) was suitable for all the 
phospholipid classes studied (PC, PE and PG), except for 
the PS class. Because PS co-elutes with the radiolytic 
products, an isocratic method was required for the PS 
phospholipids. The HPLC gradients for the quantitation 
of the radiolytic products (Table 1) effectively separated 
those products, thus improving detection sensitivity. 
Because the ELSD response is nonlinear, standard calibra- 
tion curves were constructed for each quantitated phos- 
pholipid. 

Most of the reported HPLC methods for phospholipids 
were developed to separate the phospholipid classes from 
biological samples (3-6, 8-11}. Due to the complexity of 
biological samples, the published methods usually involve 
lengthy gradients. The current study deals with the chro- 
matography of individual synthetic phospholipids, thus 
the analysis time was reduced by using faster HPLC gra- 
dients. The retention time (t~) for each phospholipid is 
reported in Table 2. The following details were crucial for 
the development of the HPLC gradients: (i) Changing the 
mobile-phase composition of chloroform or methanol 
markedly affected phospholipid separation, but  the pre- 
sence of water at a low percentage was required for the 
elution of the lysophospholipids; (ii) the addition of am- 
monium hydroxide to the mobile phase (8) improved both 
peak shape and standardized elution times, especially for 
phosphatidic acid; (iii) due to the gradual water gradient 
on the silica column, consistent retention times were 
observed only by making consistently timed injections 
(8,21); (iv) an initial blank gradient was required for equili- 
bration of the silica column prior to an experimental se- 
quence of injections. 

The disappearance of each phospholipid after radiolysis 
of the aqueous phospholipid suspension is presented in 
Table 2. Of the primary meat phospholipids, all three PC 
phospholipids and PPPE are significantly affected by 7- 
radiation. All the PG and the PS sodium salt phospho- 
lipids are considerably more sensitive to the effects of 7" 
radiation: Among the phospholipid classes, there is no ap- 
parent correlation in the disappearance of the saturated 
as opposed to the unsaturated phospholipids. 

All of the non-salt phospholipids have a lower percent 
disappearance (2.9 + 2.4%) after irradiation than do the 
phospholipids in sodium salt form (21.5 _ 6.4%). The 
sodium salt phospholipids dispersed more completely in 
water than any of the non-salt phospholipids. The effect 
of 7-radiation on phospholipids in aqueous suspension may 
be due to the reaction of the phospholipid with reactive 
water radiolysis products (i.e., hydroxyl radicals, hydrated 
electrons and hydrogen atoms) (22) or to a direct effect 

of the 7-radiation on the phospholipid (23). Thus, the in- 
creased hydration of the sodium salt phospholipids could 
lead to more direct contact with reactive radiolytic water 
products and help explain the higher disappearance of the 
sodium salt phospholipids as compared to the non-salt 
phospholipids. 

Phosphatidic acid and the lysophospholipids were the 
only major radiolytic products observed for the phospho- 
lipids studied. Representative chromatograms for the con- 
trol and the irradiated PPPC are shown in Figure 1. PPPA 
formed by the irradiation of all the dipalmitoyl phospho- 
lipids co-eluted with synthetic PPPA. Likewise, LPC and 
LPE, the radiolytic products of PPPC and PPPE, respec- 
tively, co-eluted with the synthetic monopalmitoylphos- 
pholipid. Attempts were made to identify the peak la- 
belled "Artifact" in Figure 1. The results, though not com- 
pletely conclusive, strongly suggested that  the peak is a 
chromatographic artifact and not a radiolysis product. 

The amoun t s  of PPPA and the lysophosphol ip id  
formed by radiolysis of PPPC and PPPE are reported in 
Table 3. Because different chromatographic conditions are 
used for both analyses, t~ is reported for each lipid. A 
representative calibration curve for the radiolytic products 
of PPPE is shown in Figure 2. Phosphatidic acid (19,20) 
and the lysophospholipids (12-15,17,19,20) from irradiated 
phospholipids have been reported in the literature, but 
never quantitated. PPPA and the lysophospholipid gener- 
ated by radiolysis represents, at most, 45% of the total 
disappearance of PPPC or PPPE. Thus, a significant por- 
tion of the radiolysis products could be compounds not 
determined by this methodology, such as the volatile 
hydrocarbons and related residues (13-15), fatty acids 
(12,18), phosphoryl-bases (12-17) and diglycerides. 

Phospholipids are prone to acid or alkaline hydrolysis, 
especially at higher temperatures. Sample hydrolysis was 
minimized by the low temperatures (0-4 °C) during irradia- 
tion and a low storage temperature (-80°C). However, a 
small amount of lysophospholipid formation could be seen 
in several of the control samples (Fig. 1) and was most 
likely due to hydrolysis that occurred during sample 
preparation. 

A B 

PPPC 

T 
! 

o 1'o 3'0 34 o 

PPPC 

o7 
X , ! T  

t 
lb :/o 3'0 34 

Time (min) Time (min) 

FIG. 1. Gradient high-performance liquid chromatography of uni- 
radiated PPPC (A) and irradiated PPPC (B). PPPC, dipalmitoylphos- 
phatidylcholine; LPC, monopalmitoylphosphatidylchofine; DPPA, 
dipalmitoylphosphatidic acid. 
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FIG. 2. PPA (r-I) and LPE (A) calibration curves used for quantita- 
tion of the radiolytic products from PPPE. PPA, phosphatidic acid; 
LPE, monopalmitoylphosphatidylethanolamine; PPPE, dipahnitoyl- 
phosphatidylethanolamine. 

Of the phospholipids studied, P P P G  was the most  labile 
to the effect of ),-radiation a t  28.6% disappearance.  Most  
of the P P P G  disappearance (76%) was accounted for by 
the  format ion of PPPA (Table 3). 

PPPA and LPC, formed dur ing )'-radiation of PPPC, 
were positively identified by L S I M S  of collected and 
pooled HPLC peaks  (data not shown). The L S I M S  was 
operated in bo th  the (+) ion and ( - )  ion modes, thus  form- 
ing unique f ingerprint  cations and anions, respectively. 
The (+) ion L S I M S  spec t rum of LPC from irradiated 
PPPC identically matched the spec t rum of synthetic LPC, 
and all the major  peaks  corresponded to published spec- 
t r a  (24). The (+) ion L S I M S  spec t rum of PPA from ir- 
radia ted  PPPC showed the identical  spec t rum as syn- 
thet ic  PPPA, bu t  the  PPPA spec t rum from irradiated 
P P P C  also showed two ext ra  peaks. The (+) ion L S I M S  
spec t rum of PPPA is difficult to interpret ,  and no pub- 
lished da ta  are available for comparison.  Therefore, an 
identical ma tch  of the ( - )  ion L S I M S  of PPPA (25) was 
used  to fur ther  confirm the ident i ty  of the radiolytically 
generated PPPA. The two ext ra  peaks  seen in the (+) ion 
LSIMS spectrum of radiolytically generated PPPA appear 
to  be a molecular ion and i ts  dimer, thus  represent ing a 
second compound collected with PPPA. The chromato-  
gram of the collected PPPA sample shows two small peaks 
elut ing jus t  af ter  PPPA. The significance of these peaks  
is under  fur ther  investigation. 

Phospholipid radiolysis in aqueous suspension is a com- 
plex process. No clear correlation was shown for the 
susceptibi l i ty  of the  different phospholipid classes to ),- 
radiat ion or the effect of y-radiation on the sa tura ted  as 
opposed to the unsa tu ra ted  phospholipids. However, 
phospholipid radiolysis is likely to be complicated even 
more by the introduction of the phospholipid into a 
biological environment.  Phospholipids in food are usual- 
ly incorporated in the bilayers of cellular membranes .  
Cellular membranes  contain other  components ,  such as 
proteins and cholesterol. Because the phospholipid aque- 

ous suspensions contained no interfering components,  the 
result ing effect of radiat ion on phospholipids in cellular 
membranes may be considerably different from the results 
seen in aqueous suspension. Two predicted radiolysis prod- 
ucts, phosphat idic  acid and the lysophospholipids, were 
quan t i t a ted  and posit ively identified in aqueous suspen- 
sion. However, bo th  are endogenous lipids in food; thus, 
neither lipid can be used effectively to develop an 
analyt ical  method for detection of i rradiated food. 
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