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SPECTROSCOPY LETTERS, 18(1) ,  47-69 (1985) 

SPECIATION OF EERCLIRY COIPOUNDS IN 
BIOLOGICAL SAMPLES USING GC-AA 

J. W. Robinson and J. C. Wu 
Louisiana S t a t e  Un ive r s i ty  
Baton Rouge, Lou i s i ana  70833 

ABSTRACT 

An i n t e r f a c e d  GC-thermal a tomtzer  AA system has been developed 

and used f o r  t he  s p e c i a t i o n  and de te rmina t ion  of  v o l a t i l e  mercury 

conpounds in b i o l o g i c a l  f l u i d s ,  p e r s p i r a t i o n  and u r i n e .  

Ttie i n t e r f a c e d  system is h i g h l y  s e l e c t i v e  t o  mercury conpounds 

and has  h igh  s e n s t t t v t t y .  No sample p r e p a r a t t o n  was necessary,  

avotdtng l o s s e s  du r ing  p re t r ea tmen t  procedures  such as  t h e  cold vapor 

technique. 

The l e v e l s  of inorganic  mercury found i n  u r i n e  were froni 0.0 t o  

3.3  ppm, and 0.0 to  0.6 ppm f o r  sweat.  T o t a l  mercury ranged from 0.6 

t o  3,9 ppm i n  u r i n e  and 0.2 t o  1.0 ppm i n  sweat.  

T h e  r e s u l t s  a l s o  ind ica t ed  t h e  presence of u n i d e n t i f i e d  non- 

v o l a t i l e  mercury i n  the  samples. However, i no rgan ic  mercury seemed 

t o  be t h e  major form of e x c r e t i o n  of mercury from h u m n  bodies .  

1. INTRODUCTION 

The phys io log ica l ,  t o x i c o l o g i c a l  and chemical  p r o p e r t i e s  of  

The mercury depend on both i ts  c o n c e n t r a t i o n  and chemical  form. 

chemical form of mercury i n  the h u m n  body c o n t r o l s  i t s  r e t e n t i o n ,  
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48 ROBINSON AND WU 

t ranspor t  and excret ion (1). 

compounds i n  biological  system before t h e i r  metabolic pathways can 

be thoroughly s tudied,  understood and cont ro l led .  

It is necessary t o  ident i fy  mercury 

There has been a number of methods developed f o r  mercury spe- 

c i a t i o n .  Many chromatographic techniques, such as thin- layer  chro- 

matography, paper chromatography, gas chromatography, l iqu id  chro- 

natography, ion exchange chromatography, g e l  f i l t r a t i o n ,  and o thers ,  

have been applied t o  the spec ia t ion  of nercury compounds (2) .  

Tota l  mercury and methylmercury i n  h a i r s  have been determined 

with isotope d i l u t i o n  a f t e r  d iges t ion  (3). 

been used t o  determine inorganic mercury i n  the  presence of organic 

nercury i n  biological  samples (4). 

Isotope exchange has 

Se lec t ive  adsorption f o l l m e d  by AAS has been u t i l i z e d  t o  spec ia te  

v o l a t i l e  mercury compounds and elemental mercury vapor i n  a i r  samples 

(5). 

Cold Vapor - AAS methods have been used by some researchers  f o r  

nercury spec ia t ion  i n  solut ions ( 6 ) ,  (7), (8). These methods in- 

volve changes i n  the reducing condi t ions t o  allow d i f f e r e n t  forms 

of mercury t o  be released f r o n  so lu t ions  before the determination 

wtth AAS.  

However, gas chronatography with an e l e c t r o n  capture de tec tor  

(GC-ECD) was the  most commonly used method f o r  mercury spec ia t ion  

i n  b io logica l  and environmental samples (9-12). This nethod does 

not  d i s t inquish  mercury from many compounds and involves a s e r i e s  of 

ex t rac t ions  followed by the GC-ECD determination. 

These techniques inevi tably requi re  e labora te  sample p r e t r e a t -  

nent  such a s  d iges t ion ,  separat ion,  efctract ion and concentration. 

Minimal sample handling and chemical pretreatment a r e  important i n  
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SPECIATION OF MERCURY CONPOUNIS 44 

t race  element analysis  i n  order t o  avoid contamtnation of the samples, 

loss  of the analytes  and changes of chenical  natures  of the  species  

present. 

In t h i s  study, a graphi te  furnace atomizer was d i r e c t l y  i n t e r -  

faced with a gas chromatographic system f o r  mercury speciat ton of 

biological  u r i n e  and sweat samples. 

about 10-log Hg. 

S e n s i t i v i t y  of the system was 

Samples were d i r e c t l y  injected i n t o  the  sys ten  a f t e r  co l lec t ion  

Af te r  separa t ion  on the GC column without chemical pretreatment. 

the AAS detec tor  was able  t o  d e t e c t  v o l a t i l e  mercury conpounds with- 

out in te r fe rences  from other  components i n  the  sample. 

For comparative purposes the  t o t a l  mercury concentrat ton was 

determined using a quartz  T graphi te  AAS which was heated with a 

R. F. c o i l  (13) (14). 

2. EXPERDENTAL 

A.  Equipment 

1. GC-AA (Fig. 1) 

Hollow cathode lanp (designed and b u i l t  i n  t h i s  lab)  

HCL power supply 

Pressure gauge f o r  demountable HCL 

Microtek GC-.ZWO-R gas chronatograph 

Nechanical chopper 

Graphite atomizer (designed and b u i l t  i n  t h i s  l a b )  

Varian-Techtron type Ml (SI-RO-SPEC) nonochromtor 

Hamamatsu Model R-106 photomultiplier 

Hewlett Packard Model 6516-A high voltage power 
supply 

Heathkit photometric readout ampl i f ie r  tlodel EV-703-3 

Sargent Model XK recorder  with var tab le  range a t tach-  
ment power t o  atomic absorpt ion de tec tor  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



50 ROBINSON AND WU 

Barnes denountable hollow cathode lamp systen 

Jarrel-Ash nechanical chopper from a Model 8 2 - 3 6 0 - u ~  

Quartz T atomizer mde of Quartz  S c i e n t i f i c  Inc. c l e a r  
fused quartz  tubing 

Jarrel-Ash Model 8 2 - 0 s  rnonochronator 

Hamamatsu R-106-UH p h o t o m l t t p l i e r  

Princeton A p p l i e d  Research Model 1% lock-in, with 
Model la+ photometric preamplif ier  

Beckman Plodel loO5, 10-inch poten t ione t r ic  s t r i p  
c h a r t  recorder 

Hewlett Packard Plodel 6516-A high voltage power 
supply 

Lepel high frequency induction heat ing u n i t  Model 
T-5-3-KC-E-SW 

D r m o n  1-5  micro l i te r  microdispenser 

3.  TLC and W 

a)  Whatman K C l 8  reversed-phase a n a l y t i c a l  TLC precoated 
p la tes  

b )  Microcaps dtsposable p ipe t tes  

c )  Beckman DBG spectrophotoneter 

4. Chenicals and Reagents 

a )  Nercuric chloride-MCB, Inc. 

b )  MellgC1-Alfa Products 

c )  EtHgCl-Alfa Products 

d )  Acetoni t r i le  -J. T. Bakcr 

e )  Dithizone-Fisher S c i e n t i f i c  

f )  Chloroform-NCB, Inc. 

g )  NaBr-Baker and Adanson 

h )  &)/lo0 ncsh Chrornosorb W. AW. DIES column support-Tek 
Lab 

Die thylene Glycol Succfnate colunn subs trate-Tek Lab i) 

j) Graphite rods-Ultra Carbon 
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SPECIATION OF 11ERCURY CO~LPOUNIS 51 

3. ANALYTICAL PROCEDURES 

A. Operatinn Conditions: 

1. GC-AA 

Column: 1/8" diameter Teflon column 24" long, packed 
with 5 s  DEGS on Chronosorb W. AW. DNCS 

Carr ier  Gas: Argon (Ti ml/min.) 

C o l m  Temperature: 170°C 

In jec t ion  Port  Tenperature: 210°C 

Transfer Line Temperature: 1&!O0C 

Hollow Cathode Lamp Current: 

High Voltage on PI1 Tube: 

S l i t  Width: 
s p e t r a l  s l i t  width 

Atonizer Temperature: 15c)0°C 

3 4, He f i l l e r  gas 

350 v o l t s  

25 microns a t  253.7 nm l i n e ,  0.8 A 

2. Quartz  T AA 

Hollow Cathode Lamp Current: 

Carbon Bed Temperature: 145OoC 

Atonizer Purge Gas: purge gas was supplied t o  the 
atomizer a t  279 n l /n in .  t o  provide a pos i t ive  pres- 
sure  system and prevent the entrance of anbient a i r  
i n t o  the a tonizer  

Light Path Tenperature: gOO°C 

S l i t  Width: 
t r a l  s l i t  width 

High Voltage on PM Tube: 

Cel l  Pumping b t e :  250 nl/min. 

Amplifier: A W N  node, 200 mv s e n s i t i v i t y ,  100 ms 
t i m e  constant  

Recorder: 100 mv, l i n e a r  mode 

3 mA, He f L l l e r  gas 

25 microns a t  253.7 nm l i n e ,  0.8 A spec- 

500 v o l t s  

B. Modification of graphi te  atomizer: An AA graphi te  T was 

developed i n  t h i s  group f o r  the determination of lead i n  gasol ine (15). 
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52 ROBINSON AND WU 

DIAGRAM O F  G C - A A  
8 

4 ;I 
1 .  l l O L M W  CATHODE LAMP 

7. 1ICL POWER SUPPLY 
3 .  I’HESSURE GAUGE FOR UKKOUNTABLE I1CL 
1. 14ICROTEK GC-2000-R  GAS CHROMATOGRAPH 
5. E C I I A W I C A L  CHOPPER 
6 .  G R A P H I T E  ATOI4IZER 9. POWER SUPPLY FOR PMT 
7. PIONOCHROMILTOR 1 0. A M P L I F I E R  
C,. PHOTOMULTIPl i IER 11. RECORDER 

F I G U R E  1 SCliEPLlTIC DIAGRAM OF GC-AA 

This detec tor  l e f t  a gap between the in te r fac ing  t ransfer  l i n e  from 

GC c o l u m  and the a tonizer  due t o  the temperature dffference. ?his 

caused sample losses  and reduced the  s e n s i t i v i t y  of the system. 

For the ana lys i s  of Hg i n  a bio logica l  f l u i d ,  a more sensi-  

t i v e  system was requfred. 

machined from carbon rods providing a d i r e c t  connection between the  

t r a n s f e r  l f n e  and the graphi te  de tec tor .  This improved the sensi-  

t i v i  t y  . 

A modified graphi te  a tonizer  (Fig. J) was 
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SPECIATION O F  MERCURY CoE.IpOUNDS 

D.IAGRAM O F  QUARTZ T 

53 

AA 

1.  HOLLOW CATHODE LAMP 
2 .  MECHANICAL CHOPPER 
3. QUARTZ T ATOMIZER 
4 .  NONOCHROMATOR 
5 .  PHOTOMLIULIPLIER 
6. A M P L I F I E R  
7. RECORDER 
a. POWER SUPPLY 
9. R. F. C O I L  

1 0 .  PURGING GAS FOR ATOMIZER 
11 .  C E L L  PUMP 
12 .  L I G H T  PATH HEATER 
13. PURGING GAS FOR MONOCHROMATOR 

( FOR VACUUM UV L I N E  ) 
14.  POWER S U P P L Y  FOR HCL 
15. P R E S S U R E  GAUGE FOR HCL 
1 6 .  P R E S S U R E  REGULATOR 

FIGURE 2 

C. Cal ibra t ion  of mercury: A s e r i e s  of s tandard solut ions of 

mercuric ch lor ide  with concentrations 0.1, 0.25, 0.5, 1.0, 2.5 and 

5.0 ppm was injected i n t o  the system. 

provided a c a l i b r a t i o n  curve. 

The corresponding peak heights  

Calibra'tion curves f o r  methyl mercury were made from 0.1, 

0.25, 0.5, 1.0, 2.5 and 5.0 ppn lfeHgC1 so lu t ions .  
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MOD I FI E D 

CARBON T A A  DETECTOR 

ROBINSON AND Wu 

TICURE 3 I4ODIFIED CARBON T DETECTOR OF GC-AA 
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SPECIATION OF PIERCURY C0~E'OUNL)S 55 

Standard so lu t ions  containing 0.1, 0.25, 0.5, 2.5 and 5.0 

ppn of mercury were introduced i n t o  the  quar tz  T graphi te  A.4 using 

a 2 m i c r o l i t e r  Drumond microdispenser t o  obta in  the c a l i b r a t i o n  

curve. 

The GC column was shor t  t o  reduce the  re ten t ion  t ine .  Peak 

heights  were then used t o  prepare c a l i b r a t i o n  curves both for  in-  

organic mercury (Fig. 4) and organic mercury (Fig. 5 )  although peak 

areas  a r e  probably more accurate .  Cal ibra t ion  curve was a l s o  made 

f o r  t o t a l  mercury from quartz  T AA determination (Fig. 6). 

D. Chemical impurity determination by Thin Layer Chromatography 

(TLC): TLC was used t o  confirm and determine t race  impurity 

of inorganic mercury i n  PfeHgCl s tandard.  

Saturated PleHgCl so lu t ions  were spot ted on reverse  phase 

KC18 TLC p l a t e s  (5 x 10 cm). 

mixture, 55$ a c e t o n i t r i l e  and 43% 1.0 M NaBr aqueous solut ion.  

values were determined; spots  f o r  mercuric ch lor ide  and MeHgCl were 

scratched o f f  the p la tes  and t h e i r  concentrat ions were determined , 

with d i th izone  spectrophotonetr ic  nethod (16) (17). 

The p l a t e s  were developed by a so lvent  

Rf 

E. Sample co l lec t ion  and ana lys i s :  Sweat and ur ine sample 

c o l l e c t i o n  procedures were the same a s  those described e a r l i e r  (13)(14). 

Urine samples w e r e  co l lec ted  from volunteers  who were members 

of t h e  univers i ty  population. 

a l l y  exposed t o  mercury. 

Subjects  samples were not  occupation- 

Sweat samples were co l lec ted  under supervis ion i n  a sauna a t  

the LSU Fte ld  House. Subjects sampled had undergone physical ex- 

e r c i s e  programs and then showered before  en ter ing  the sauna. Sweat 

samples were col lected only a f t e r  profuse sweating. 

nants were avoided. 

Skin contami- 

Sweat drops were caught from the nose or  fore-  
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FIGURE 4 
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FIGURE 5 
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0.40 

0.35 

0.30 

0.25 

0.20 

0.15 

0 . 1 c  

0.0: 
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FIGURE 6 
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SPECIATION OF MERCURY C~OUFJIS 59  

head using cleaned polyethylene v i a l s ;  no c o n t a c t  was made between 

the v i a l  and sk in  of sampled subjec ts  during sample col lect ion.  

A l l  the  polyethylene v i a l s  used were cleaned in  n i t r i c  acid 

and r insed wi th  d i s t i l l e d  deionized water between use. 

A l l  sanples were injected d i r e c t l y  i n t o  the  system without 

any o ther  pretreatments and within three  hours a f t e r  co l lec t ion  t o  

avoid losses, contamination and decomposition. 

4. RESULTS AND DISCUSSION 

A. S e n s i t i v i t y  improvement: 'Ihe s e n s i t i v i t y  n o r m l l y  obtained 

with a s tandard conmercial carbon atomizer i s  4.9 x 10-log (1% ab- 

sorpt ion) .  

obtafned f o r  lead, and 5.0 x lO-'g f o r  mercury (15). 

S e n s i t i v i t y  obtained from t h i s  design (Fig. 4 )  was 3.0 x 10-l0g f o r  

mercury (l$ absorpt ion) .  

time of the atomizer, (24 hours continuous running t ine) .  

Using an e a r l i e r  design, s e n s i t i v i t y  o f  1.5 x 10m9g was 

'he  average 

The s e n s i t i v i t y  decreased with the l i f e -  

B. Retention times of mercury: Mercuric ch lor ide ,  nethylmer- 

c u r i c  ch lor ide ,  ethylmercuric ch lor ide ,  mixture of mercuric chlor ide,  

ncthylmercuric chlor ide as wel l  a s  ethylmercurfc chlor ide were in-  

jected separa te ly  i n t o  t h i s  GC-AA system. From the  chromatograms, 

the r e t e n t i o n  t ines  were obtained. 

Chromatograms obtained f o r  so lu t ions  of mercuric chlor ide,  

bfcHgC1 and mixtures a r e  shown as Fig. 7, 8, 9 and 10. 

can be inproved by using a longer column and lower oven temperature 

f o r  q u a l i t a t i v e  purposes. Retention times a r e  shown i n  Table 1. 

Separation 

C. TLC Reaulta; One of the lfmftatfona of GC f a  the decomposf- 

t i o n  of thermally l a b f l e  compounds fn the column. 

w f t h  the anme retention time as mercurfc ch lor ide ,  on MeHgCl chrome- 

togram proved t o  be an fmpurfty in  the standard by reverie phase Tu: 

A minor peak, 
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FIGURE 8 CHRONATOGRAM OF METHYLMERCURIC CHLORIDE BY CC-AA 
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FIGURE 9 SIIROMATOGRAM O F  NEHCURIC CHLORIDE AND METHYLMERCURIC 

C R M R I D E  BY GC-AA 
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FIGURE 10 CHROMATOGRAM OF FURCURIC CHLORIDE, METHYLMERCURIC 

CHLORIDE AND ETHYIII.1ERCURIC CHLORIDE BY GC-AA 
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- - - - - - - -  
S t a t i o n a r y  phase: i(316 r e v e r s e i -  

p h s e  coat i r ig  
Kobile phase: 55% a c e t o n i t r i l e  and 

43% 1.ON KaBr aqueous solution 
D e t e c t i c n :  d i t h i z o n e  1 CC14 s o l u t i o n  

0 

c- HeHgCl - W 

ROBINSON AND WU 

- - - - - -__ 

). 
7 .  

TABLE I 

FfER C1 I RY HgClp >leHp,CI E t H g C l  
CO?lPO1INDS 

RETENTION 
TIMES (SEC)  12 42 60 

TLC OF MeHgCI STANDARD 

SANPLE U P E ? . E K E  

FIGURE 11 T I C  OF METHYLMERCURIC 
CHLORIDE STAXYDARD 

and rpectrophotoamtrfc method using dithizona (Pig.  U). mere  was 

l3.36$ Hg by weight fn tihe form of mercuric chloride in U I ~  M g U  

6 trndard. 

P. b r c u m  in s h e  and t ramles i Inorganfc Dvrcury wu 

the nrajor chemfcal form found in  the r q l e s  emlyzsd. Wide fluc- 

trutioaa sxiatad among ramplea taken (1) from different people, (2) 

from the same perron on different day8 and (3)behrecn urine and sweat 
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SPECIATION OF NERCURY COMPOUNDS 65 

T A B L E  I1 PLERCURY IN URINE 

Inorganic mercury determined by GC-AA. 

Total mercury determined by Quartz T AA. 

URINE ALIQUOT f: PPM IHORGANIC MERCURY PPr4 TOTAL MERCURY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

1.8 

1 .o 
2.2 

0.0 

3 .3  

0.5 

2.6 

0 .9  

3.1 

0.3 

1.8 

1.2 

0.8 

2.5 

0.0 

2.5 

2.0 

3.0 

1.8 

3.9 

1 .2  

3.2 

1.5 

3.7 

0.6 

2.8 

2 . 0  

1.5 

3.4 

1 .o 

sample from t h e  same person on the same day. 

ur ine  a l i q u o t s  a r e  presented i n  Table 2. 

i n  Table 3 and 4. 

The co l lec ted  data  f o r  

Those f o r  sweat eamples a r e  

lhe r e s u l t s  a l s o  indicated t h e  prerence of  un ident i f ied  non- 

v o l a t i l e  mercury l n  the sampler. However. inorganic  mercury rremed 

t o  be the major form of excrat ton of mercury frocnhumrn bodter. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



66 ROBINSON AND WU 

TABLE 111 P E R C U R Y  I N  Sh’EAT 

Inorganic mercury determined by GC-AA. 

Total mercury determined by Quartz T 1IA 

SWEAT A L l Q U O T  # PPM I N O R G A N I C  P E R C U R Y  PPM TOTAL FLERCURY 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0.2 

0.0 

0.5 

0.4 

0.6 

0.2 

0.1 

0.5 

0.6 

0-3 

0.4 

0.2 

0.8 

0.6 

0.8 

0 J.5 

0 . 3  

0.7 

1 .o 
0.5 

There appeared t o  be no c o r r e l a t f o n  between tho r e r u l t r ,  t.e. 

high o r  lou  lave le  i n  u r i n e  dfd n o t  seem t o  correrpond t o  high or 

lov l e v e l r  in  sweat. Hovevar the s e t s  were too  a m 1 1  t o  ba s t a t f r t f -  

c r l l y  r fgnt f fcant .  

5 .  CaiCLUSI(HS 

The easple  could ba analyzed wfthfn ton mfn- 

utar a f t e r  c o l l e c t i o n  wfth almost no pretreatment. 

duced tho rrmpla l o r s  and contamfnatfon, gave more r e l f a b l a  r e r u l t r  and 

decreased t h e  t h  for  ana lys t s .  

handling and pretreatment f e  one of the goals  of t race  element analyefe. 

l b f r  g r e a t l y  r a -  

Direct analyefe  w f t h  minimal sample 

B. Seneftfvf ty:  I h e  s e n e f t f v f t y  f o r  Hg by AAS is r e l a t i v e l y  

poor compared t o  o ther  elements. ?he fmproved design of the atomizer 
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SPECIATION OF MERCURY COMPOUNDS 

TABLE 4 

MERCURY CONCENTPATIOX (PPX) IN URINE AND 
SWEAT FROX SUBJECTS TAKEN OX 'ME SAME DAY 

67 

SAMPLE 
NO. 

1 

2 

3 
4 
5 
6 

7 

URINE 
Hg 

INORG . TOTAL 

SUBJECT 1 

2.0 3 .o 
1.4 2.0 

0.8 1.5 
1.8 2.8 

0.9 1.5 
0.5 1.2 

1.8 2.5 

SUBJECT 2 

1.2 2.5 

0.5 0.9 
0.7 1.2 

0.4 1.2 

0.0 1 .o 
0.3 0.6 

2.5 3.4 

offered a rnargfnally better eeneitivity. 

SWEAT 
Hg 

INORG. TOTAL 

1.8 2.2 

0.3 0.8 

0.0 0 . 3  
0.6 1 .o 
0.1 0.3 
0.0 3.2 

0.5 0.8 

0.2 1.2 

0.0 0.4 
0.6 1 .o 
0.2 0.5 
0 .o 3.4 
0.5 0.7 
0.4 0.6 

One reason was the relatively 

high temperature maintained in this system which cause8 physical and 

chemical background abaorption to be mfntmizad. 

be due to  the "f i l ter  effect" of the column which removes most fnter- 

ferences'befora the detected epecfes reached the atanfzer. 

seneitivtty required no sample preconcentration. 

Another reaeon m y  

A better 
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68 ROBINSON AhD WU 

C. S e l e c t i v i t v ;  Using M as a d e t e c t o r  coupled with a chroma- 

tographic technique f o r  a n a l y z h g  metal spec ies  i n  b io logica l  samples 

avoided other in te r fe rences  present  i n  the samples. 

obtained were much s€mpler than those from common nonselect ive GC 

detec tors .  

such as ex t rac t ion ,  to  remove in te r fe rences .  

The chromatograms 

This a l s o  minimized some of t h e  sample pretreatment work, 

D. Stmultaneous determinatton of both ornanic and inoraanic 

mercurv: Many mercury compounds a r e  v o l a t i l e .  Nevertheless, 

few de tec tors  can be used t o  analyze both organic 'and inorganic 

mercury a t  the same the. Most requi re  i s o l a t i o n  of s p e c i f i c  chem- 

ical form or  trnasformatfon i n t o  a c e r t a i n  chemical form before the 

f i n a l  de tec t ion .  

organic mercury and inorganic mercury simultaneously. 

This system of fered  a method t o  determine both 

E. Memory e f f e c t :  Peaks r e f e r r e d  t o  a s  "memory" o r  *'ghost" 

peaks are common t o  aqueous-injection gas chromatography. 

por t ion  of the memory peak r e s u l t s  from hold up i n  the i n j e c t i o n  

p o r t  (18). 

of sample i n  the j n j e c t i o n  port .  

ion a r e  usua l ly  necessary t o  c lean  the system between sample in- 

jec t ions.  

The major 

On column in jec t ion  is used t o  minimize the  accumulation 

Several  a l i q u o t s  of water in jec t -  

F. column l i f e  t h ;  Direc t  i n j e c t i o n  of: biological  eamples 

A f i l t e r  o r  precolunm i n t o  the GC colunm does poison the  column. 

was used in t h i s  study. 

f if  t y  sample in jec t ions .  

The column wan usua l ly  re-packed a f t e r  
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