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SPECTROSCOPY LETTERS; 15(8), 631-661 (1982) 

THE DIRECT DETERMINATION OF MERCURY I N  BREATH AND SALIVA 
BY CARBON BED ATOMIC ABSORPTION SPECTROSCOPY 

by J. W. Robinson and E. M. Skel ly  
Chemistry Department 

Louis iana S t a t e  Un ive r s i ty  
Baton Rouge, Louis iana 70803 

ABSTRACT 

The d i r e c t  de t e rmina t ion  of t o t a l  mercury l e v e l s  i n  b rea th  and s a l i v a  

was accomplished by atomic abso rp t ion  spectroscopy us ing  a carbon bed 

atomizer .  The Robinson q u a r t z  "T" a tomizer  permit ted t h e  a n a l y s i s  of 

b rea th  samples by d i r e c t l y  t r app ing  t h e  c o n s t i t u e n t s  on the  a c t i v a t e d  

carbon bed of t h e  atomizer .  Analysis  of s a l i v a  was performed by d i r e c t  

i n j e c t i o n  of sample onto t h e  ho t  carbon bed. This d i r e c t  a n a l y s i s  

e l imina ted  e r r o r s  caused by bo th  l o s s  of v o l a t i l e  mercury compounds 

du r ing  sample pretreatment  and contaminat ion of t he  sample by added 

r eagen t s .  

The average mercury concen t r a t ion  i n  the  b rea th  of a non-occupat ional ly  

exposed populat ion was found t o  be 2.65 2 0.47 ng Hg/L. 

mercury concen t r a t ion  i n  s a l i v a  from t h e  same popu la t ion  was found t o  be 

0.27 2 0.02 ppm Hg. 

b r e a t h ,  s a l i v a  and s c a l p  h a i r  f o r  a normal populat ion.  Mercury l e v e l s  

i n  b r e a t h  and s a l i v a  were shown t o  r e f l e c t  r e c e n t  mercury exposure.  

The average 

No c o r r e l a t i o n  w a s  found between mercury l e v e l s  i n  

INTRODUCTION 

1. The Use of Breath and Sa l iva  a s  B io log ica l  I n d i c a t o r s  of Exposure 
to Mercury 

Symptoms of bo th  a c u t e  and chronic  mercury i n t o x i c a t i o n  inc lude  

a v a r i e t y  of o r a l  and r e s p i r a t o r y  problems. 

631 

Examples a r e  s a l i v a r y  gland 

Copyright 0 1982 by Marcel Dekker. Inc. 
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632 ROBINSON AND SKELLY 

swell ing,  excess ive  s a l i v a t i o n ,  m e t a l l i c  t a s t e ,  f o u l  b rea th ,  l oose  t e e t h ,  

s o f t ,  spongy gums, a blue-black l i n e  around t h e  gums due t o  a mercury- 

su l fyhydry l  complex and r a p i d  r e ~ p i r a t i o n . ~ ' ~ ~ ~ ' ~  

s a l i v a  appear  t o  be l i k e l y  b i o l o g i c a l  i n d i c a t o r s  of exposure t o  mercury. 

Consequently,  b r e a t h  and 

a )  Breath Ana lys i s  

A b r e a t h  sample posses ses  many advantages f o r  c l i n i c a l  

a n a l y s i s  o r  occupat ional  h e a l t h  s t u d i e s  as discussed a t  l eng th  i n  a 

review by Dubowski.' Breath is a convenient sample t o  monitor s i n c e  i t  

can be c o l l e c t e d  r a p i d l y  wi th  no inconvenience t o  the  sub jec t .  Gaseous 

samples r e q u i r e  l i t t l e  o r  no pretreatment .  

a v a i l a b l e  f o r  many gaseous substances,  so b rea th  sampling can be used to 

provide real- t ime " f i e ld"  measurements. 

c o l l e c t e d  and s t o r e d  in gas sampling bags,  or t h e  component of i n t e r e s t  

trapped on an adsorbant  f o r  l a t e r  a n a l y s i s .  

Po r t ab le  d e t e c t o r s  a r e  

Breath samples can a l s o  b e  

Breath samples r e f l e c t  t h e  concen t r a t ion  of subs t ances  t r a n s f e r r e d  

ac ross  the  a l v e o l a r - c a p i l l a r y  membranes. A cont inuous equ i l ib r ium is 

e s t a b l i s h e d  f o r  gases  and v o l a t i l e  subs t ances  between t h e  a l v e o l a r  a i r  

and pulmonary c i r c u l a t i o n .  Therefore ,  b rea th  a n a l y s i s  r e f l e c t s  the blood 

l e v e l  of substances such a s  C O z ,  a l c o h o l ,  CO, a n e s t h e t i c  gases ,  s u l f i d e s  and 

v o l a t i l e  metals .  

It is we l l  known t h a t  e lements  l i k e  Se and Te can  be v o l a t i l i z e d  

from t h e  lungs a s  methylated compounds fol lowing o r a l  i n g e s t i o n  of i no rgan ic  

Se and Te compounds. I t  is a l s o  w e l l  known t h a t  i no rgan ic  mercury can be 

methylated by b a c t e r i a .  I t  is  f e a s i b l e  t h a t  mercury o r  methylated 

mercury could be excreted from t h e  body i n  t h e  b rea th .  

Breath has  been s t u d i e d  by a number of r e sea rche r s ,  t o  determine i t s  

s u i t a b i l i t y  a s  an i n d i c a t o r  of exposure t o  mercury and t o  e l u c i d a t e  t h e  

metabolism of mercury i n  t h e  body. 

Seve ra l  animal s t u d i e s  ind ica t ed  t h a t  ra ts  can v o l a t i l i z e  i n t r a -  

c a r d i a l l y  o r  intravenously i n j e c t e d  mercury from t h e  lungs and body su r face .  

Clarkson and Rothstein '  found t h a t  a v o l a t i l e  mercury compound was 

exhaled by rats a f t e r  i n j e c t i o n  with r a d i o a c t i v e  2 o  %g(NO,),. 

Ten pe rcen t  o f  t h e  t o t a l  mercury exc re t ed  on  t h e  f i r s t  day was through 

the  lungs  and body su r face .  
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MERCURY IN BREATH AND SALIVA 633 

Magosl found mercury i n  t h e  b r e a t h  of rats i n j e c t e d  wi th  

e i t h e r  r a d i o a c t i v e  e lementa l  mercury or mercur ic  ion,  bu t  t h e  amount exhaled  

va r i ed  wi th  t h e  chemical form of t h e  mercury i n j e c t e d .  About 20% f o  t h e  

Hg dose was exhaled  wi th in  30 seconds of i n j e c t i o n .  

8 dose w a s  exhaled .  Os t lund  i n v e s t i g a t e d  t h e  metabolism of dimethylmercury 

i n  mice a f t e r  i n h a l a t i o n  or i n t r avenous  exposure .  The major p a r t  of t h e  

dose  was r a p i d l y  exhaled a s  dimethylmercury,  w i t h  80-90% of t h e  dose  

e l imina ted  i n  6 hours .  

Only 1.8% of t h e  Hg2' 

No evidence  of v o l a t i l i z a t i o n  of  i no rgan ic  mercury through t h e  lungs  

has  been found f o r  humans. S t u d i e s  of mercury l e v e l s  i n  human b r e a t h  a r e  

l imi t ed  and most i nvo lve  exposure  of humans t o  e lementa l  mercury vapor .  

In 1941, Shepard e t  a l . '  r epo r t ed  t h e  a lmost  q u a n t i t a t i v e  removal 

of  Hg vapor from r e s p i r e d  a i r  by measuring Hgo i n  ambient a i r  and exhaled  

b rea th .  T h i s  can  b e  exp la ined  i n  terms of  t h e  l i p i d  s o l u b i l i t y  and h igh  

d i f f u s i b i l i t y  of Hg'. I t  h a s  been c a l c u l a t e d  t h a t  a t  40°C t h e  p a r t i t i o n  

c o e f f i c i e n t  of mercury between a i r  and body l i p i d s  i s  about  1:20, i n  f a v o r  

of t he  body." The r e s u l t s  of Shepard et  a l .  have been confirmed by o t h e r  

who found t h a t  7 5 4 5 %  of i n s p i r e d  Hgo (concen t r a t ions  ranging  

from 50-350 u g  Hg/m3 a i r )  was r e t a i n e d  i n  t he  human body. 

Hursh e t  al .14 conducted a n  experiment i n  which 5 humans inha led  s t a b l e  

and r a d i o a c t i v e  mercury vapor f o r  pe r iods  of about  20 minutes .  

Seventy-four pe rcen t  of the  inha led  dose  was r e t a i n e d  by  the  s u b j e c t s ,  

w i th  r e t e n t i o n  occur r ing  almost e n t i r e l y  i n  t h e  a l v e o l i .  Brea th  samples 

were taken  f o r  3 days  fo l lowing  exposure.  On t he  average ,  7% of t h e  

mercury r e t a i n e d  w a s  exhaled  i n  t h e  b r e a t h ,  w i th  a h a l f - l i f e  of 18 hours .  

A p l o t  of  mercury exhaled  v e r s u s  t i m e  c o n s i s t e d  of two components. The 

f i r s t  component, i nc lud ing  mercury f lushed  o u t  of t he  lung  dead space.  w a s  

l o s t  very  r a p i d l y .  The second component showed a more gradual  l o s s  

of mercury. The a u t h o r s  p o s t u l a t e d  t h a t  mercury could be r e t a i n e d  i n ,  and 

subsequent ly  r e l e a s e d  i n ,  t h e  a l v e o l a r  a i r  space  over  a per iod  of s e v e r a l  

days  fo l lowing  exposure.  T h i s  w a s  thought t o  g i v e  rise t o  t h e  second 

component. Whole-body coun t ing  exper iments  gave an  average  ha l f - t ime  of 

2 days  f o r  c l ea rance  of mercury from t h e  lungs .  
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634 ROBINSON AND SKELLY 

Reinhard t  e t  al .15 measured mercury vapor i n  t h e  b rea th  of d e n t a l  

p a t i e n t s .  Large amounts of mercury vapor were exhaled by p a t i e n t s  fo l lowing  

t h e  removal of o l d  amalgam f i l l i n g s  by d r i l l i n g .  A p l o t  of mercury exhaled 

ve r sus  t i m e  showed two components, i n  agreement wi th  Hursh e t  a l .  14  

I t  is ev iden t  t h a t  r e c e n t  d e n t a l  work can c o n t r i b u t e  s i g n i f i c a n t l y  

t o  mercury vapor l e v e l s  i n  b rea th .  

f i l l i n g s  con t r ibu ted  t o  d a i l y  a b s o r p t i o n  o f  mercury by the  body. No 

re fe rences  could  be found i n  which "normal" mercury l e v e l s  i n  b r e a t h  were 

measured. 

Goldwater3 s t a t e d  t h a t  amalgam d e n t a l  

Mercury i n  b r e a t h  can  r e f l e c t  r ecen t  exposure ,  as shown i n  the  above 

s t u d i e s .  Breath mercury l e v e l s  should  be cons idered  i n  any d i scuss ion  of 

e l imina t ion  of mercury from the  body. 

S topford4  t h a t  an  equ i l ib r ium e x i s t s  between inha led  Hgo and Hg2+ i n  b lood ,  

so t h a t  Hgo i s  always a v a i l a b l e  t o  c r o s s  the  lung  membrane and be exhaled .  

The sugges t ion  has been made by 

b) S a l i v a  

S a l i v a  has no t  been ex tens ive ly  i n v e s t i g a t e d  a s  a b i o l o g i c a l  

i n d i c a t o r  of exposure  t o  mercury. The use fu lness  of s a l i v a  f o r  t h i s  purpose 

is a ma t t e r  of some debate .  S tud ie s  performed i n  t h e  1920 ' s  found no 

s i g n i f i c a n t  amounts 

is accumulated i n  s a l i v a r y  and sweat g lands ,  and t h a t  s a l i v a ,  tears and 

sweat a r e  r o u t e s  of  e x c r e t i o n  f o r  Hg2+. 

hppeared t o  r e f l e c t  t h e  mercury concen t r a t ion  i n  b lood  and t h e r e f o r e  

could  be a phys io log ica l  f l u i d  of g r e a t  d i a g n o s t i c  importance.  

however, t h a t  most s a l i v a  is  reswallowed and t h e  mercury reabsorbed ,  so t h a t  

s a l i v a  is not  an e f f e c t i v e  r o u t e  of e x c r e t i o n  f o r  mercury. S topford4  s t a t e d  

t h a t  no mercury w a s  found i n  s a l i v a  un le s s  a n  exposure  t o  mercury vapor had 

Occurred, bu t  t h a t  such mercury l e v e l s  could  be much h igher  than  mercury 

l e v e l s  i n  blood. 

of  mercury i n  s a l i v a .  l6'l7 Berlin1* s t a t e d  t h a t  Hg2+ 

Joselow e t  al.19 found t h a t  s a l i v a  

They noted ,  

Excess ive  s a l i v a t i o n  and s a l i v a r y  g land  enlargement a r e  symptoms of 

mercury poisoning ,  bu t  are more common on exposure t o  ino rgan ic  mercury 

than  t o  organomercury  compound^.^ 
wi th  Hgo, HgZC12 and HgC12 as t r ea tmen t  f o r  s y p h i l i s  r evea led  very small 

q u a n t i t i e s  of mercury i n  

Work i n  t h e  1920 ' s  on p a t i e n t s  i n j e c t e d  

I n  a s tudy  of i n d u s t r i a l  mercury 
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MERCURY IN BREATH AND SALIVA 

workers, Joselow et a1.l’ analyzed the saliva of exposed workers and normal 

adults. The concentration of mercury in the saliva of normal adults was 

< 0.5 ug/lOO mL. 

from 1 - 15.5 ug/lOO mL with a mean of 5 ug/lOO mL. 

saliva levels were about one-tenth of the urine concentrations. A better 

correlation was found between mercury levels in blood and saliva than 

between mercury levels in urine and saliva. 

Mercury concentrations in saliva of  exposed workers ranged 

In the exposed group, 

Stopford4 reported finding an average salivary mercury level of 59 ppm 

(range: 

mercury compounds 

< 1 - 436 ppm) saliva from workers at a chemical plant producing 

2 .  Analytical Difficulties in the Analysis of Breath and Saliva 

a) General 

Breath and saliva samples contain only trace (< ppm) amounts 

of mercury. Care must be taken to prevent contamination of the sample in 

the collection process. 

during storage and analysis of the sample. Preconcentration of the mercury 

in the sample is necessary for many analytical techniques and loss of mercury 

or contamination can occur during this process. 

Loss of volatile mercury compounds must be prevented 

b) Breath 

There is a difference in chemical composition between lung 

dead-space air and alveolar air. This difference has been used to explain the 

inflection point in plots of exhaled mercury versus tint? from exposure, 

Only substances which pass through the circulatory-alveolar bounday can be 

determined in breath. 

temperature, pressure and flow rate t o  determine accurately concentration of 

analyte and sample volume. 

14.15 

The sample must be collected under conditions of known 

Breath has been shown t o  contain a wide variety of organic and inorganic 

gases.5 

absorption of an atomic spectral line) must be considered in the analysis. 

Potential interferences from these molecules (e.g., molecular 

Collection and storage of breath samples5 in foil containers, gas bags, 

glass gas pipets o r  by adsorption onto activated charcoal, silica gel, etc., 

can lead to loss of mercury by adsorption onto container walls, by diffusion 

out of the container or by inefficient trapping. 

635 
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636 ROBINSON AND SKELLY 

c) Saliva 

The analysis of saliva presents many of the same analytical 

problems as other biological fluids: limited sample availability, low 

concentration of analyte and a complex matrix. Sample digestion and 

concentration are usually required, with the concomitant risks of mercury 

loss or contamination. 

Saliva is produced by the parotid, submaxillary and sublingual glands. 

The chemical composition of saliva depends on the gland producing it and on 

the intensity, duration and type of stimulation.” 

reported by Afonsky,” presents some of the compounds and elements found in 

unstimulated saliva and their typical concentration ranges. Saliva also 

contains such things as epithelial cells, leucocytes, red blood cells and 

bacteria which add to the complexity of the matrix and change the chemical 

composition. 

Table 1, containing data 

21 Various methods have been used to collect saliva f o r  analysis. 

Spitting. suction or simple drainage from an open mouth have been used to 

collect whole saliva. Special suction devices are used for collecting 

saliva from a particular gland. 21 

3 .  Common Analytical Methods f o r  the Determination of Mercury in 
Breath and Saliva 

a) Breath 

Methods used f o r  the determination of mercury in breath 

include radiotracer methods, W-photometry and vapor-phase atomic absorption 

spectroscopy. 

Breath samples from subjects exposed to radioactive mercury were usually 

collected on Hopcalite (active MnO2/CuO) or activated charcoal. The adsorbant 

was counted in a well-type scintillation ~ounter.~’’‘~~ Ostlund used 

inorganic mercury and dithizone solutions to absorb exhaled radiolabelled 

organomercury compound;. The solutions were analyzed by low-temFerature TLC 

and gamma counting. The detection limit was 2 - 80 pg Hg. 

8 

Nielsen K ~ d s k ~ ’ ’ ~ ~  used a commercial W photometer t o  measure mercury 

in respired air. 

from the breath before it passed into the photometer cell. A sensitivity 

of 3 pg Hg was reported. 

Two condensers at 11‘C were used to remove water vapor 
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HERCURY IN BREATH AND SALIVA 637 

TABLE 1 

S e l e c t e d  Components of 
20 

Uns t imula ted  S a l i v a  

Component 

T o t a l  S o l i d s  

Organic  S o l i d s  

Ash 

Ca 

P ( t o t a 1 )  

Na 

K 
c1 
Mg 
c i  t ra t e 

t h i o c y a n a t e  

Fe 

c u  

c o  

F 

S 

Br 

t o t a l  p r o t e i n  

c y s t i n e  

g l u t a m i c  a c i d  

meth ionine  

g l u t h a t h i o n e  

Vitamin B 12 

T y p i c a l  C o n c e n t r a t i o n  

240-1500 mg % 

130-380 mg % 

55-370 mg % 

2.5-11 mg % 

15-25 mg % 

1.0-65 mg% 

30-95 mg % 

30-145 mg % 

0.1-0.7 mg % 

0-2.0 mg % 

0-0.31 mg % 

0-0.6 ppm 

10-47.5 u g  % 

0-12.5 ug% 

0.08-0.25 ppm 

3-20 mg % 

0.2-7.1 ppm 

140-640 mg % 

0-.45 mg % 

.2-12.5 mg % 

0-0.1 mg % 

15.4 mg % 

0.15-5 ppb 

R e i n h a r d t  e t  al.I5 passed  b r e a t h  samples through a d r y i n g  t u b e  and 

Mercury w a s  r e l e a s e d  from t h e  s i l v e r  wool o v e r  a s i l v e r  wool c o l l e c t o r .  

by h e a t i n g  and t h e  vapor  w a s  drawn through a q u a r t z - c e l l  a tomic  a b s o r p t i o n  

system. 

b )  S a l i v a  

Jose low e t  al.” de termined  mercury i n  s a l i v a  w i t h  a W 

S a l i v a  samples were d i g e s t e d  u s i n g  a c o l d  d i g e s t i o n  and t h e n  photometer .  

e x t r a c t e d  w i t h  d i t h i z o n e .  The s o l v e n t  w a s  evapora ted  and t h e  r e s i d u e  

h e a t e d  i n  a f u r n a c e .  The r e l e a s e d  mercury vapor  was drawn through t h e  

photometer ce l l .  
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ROBINSON AND SULLY 638 

4 Stopford 

s a l i v a  mercury l e v e l s  i n  industr ia l ly-exposed workers.  

gave no d e t a i l s  of t he  a n a l y t i c a l  method used i n  measuring 

4 .  Spec ia t ion  of Mercury Compounds i n  Breath and Sa l iva  

Very l i t t l e  work has  been done t o  i d e n t i f y  the chemical form 

of mercury i n  b rea th .  Most s t u d i e s  have measured t h e  f r a c t i o n a l  amount 

o f  Hg vapor r e t a ined  by t h e  lungs a s  a func t ion  of mercury vapor i n  in sp i r ed  

a i r  o r  have measured only the  amount of exp i r ed  r ad ioac t ive  mercury, not  the 

chemical form. Only O s t l u n d ' s  TLC method' allowed i d e n t i f i c a t i o n  of t h e  

chemical form of mercury exhaled by mice. 

and TLC cond i t ions ,  he w a s  a b l e  t o  sepa ra t e  a number of i no rgan ic ,  a l k y l  

and a r y l  mercurials .  

By varying t h e  absorbing s o l u t i o n s  

Speciat ion of mercury compounds i n  a i r  was r epor t ed  by Johnson and 

Braman.22 

mercuric compounds, methylmercuric compounds, e lemental  mercury vapor and 

dimethylmercury. It  seemed f e a s i b l e  t o  u s  t o  combine t h i s  s e l e c t i v e  

adso rp t ion  technique with our atomic abso rp t ion  system i n  o rde r  t o  determine 

t h e  chemical form of mercury i n  b rea th .  Our at tempt  is d i scussed  below. 

They used a s e r i e s  of s e l e c t i v e  adso rp t ion  tubes t o  s e p a r a t e  

No r e p o r t s  of s p e c i a t i o n  of mercury compounds i n  s a l i v a  were found. 

5. Goals of t h i s  Study 

The g o a l s  of this s tudy were t o  develop a d i r e c t  method f o r  t he  

determinat ion of mercury i n  b rea th  and s a l i v a ,  and t o  develop a method f o r  

s p e c i a t i o n  of mercury compounds i n  b rea th  and s a l i v a .  

Atomic abso rp t ion  spectroscopy us ing  t h e  Robinson q u a r t z  "T" atomizer 

f u l f i l l e d  the requirements  f o r  d i r e c t  de t e rmina t ions  of mercury i n  b r e a t h  

and s a l i v a .  

system has  been used f o r  t h e  d i r e c t  determinat ion o f  mercury i n  h a i r  and f o r  

t he  a n a l y s i s  of b r e a t h  and b i o l o g i c a l  f l u i d s  f o r  c a d m i ~ m . ' ~ - ~ ~  

The qua r t z  "T" atomizer  has  been previously d e ~ c r i b e d . ' ~  The 

EXPERIMENTAL 

1. Equipment 

a )  Atomic Absorption System. The atomic abso rp t ion  system used 

f o r  t hese  s t u d i e s  has  been d e ~ c r i b e d . ' ~  

follows: 

Minor mod i f i ca t ions  were made as 
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MERCURY I N  BREATH AND SALIVA 639 

For b r e a t h  sampling, t h e  carbon bed was composed of a c t i v a t e d  Na t iona l  

carbon" i n  o rde r  t o  adsorb  mercury compounds from b r e a t h .  

I n  a d d i t i o n ,  t h e  top  of  t he  q u a r t z  "T" a tomizer  w a s  f i t t e d  wi th  a 

one-holed rubber  s toppe r .  A s h o r t  p i e c e  of  g l a s s  t ub ing  was i n s e r t e d  through 

t h e  s toppe r  and a 30-cm l e n g t h  o f  Tygon tubing  w a s  a t t a c h e d  t o  t h e  g l a s s .  

Sub jec t s  exhaled  through t h e  Tygon tub ing  d i r e c t l y  on to  t h e  a tomizer  

carbon bed. 

For l i q u i d  sample i n t r o d u c t i o n  w i t h  the  Drummond mic rod i spense r ,  t h e  

top  of t he  a tomizer  was f i t t e d  wi th  a one-holed rubber s toppe r  to c e n t e r  

t h e  microdispenser  ove r  the  carbon bed. 

b )  Drummond S c i e n t i f i c  Microdispenser ,  1 - 5 m i c r o l i t e r  capac i ty .  

The microdispenser  was u n s a t i s f a c t o r y  as d e l i v e r e d ,  due to excess ive  drop 

hangup on t h e  end of  t he  g l a s s  b a r r e l .  

Dr. D. K .  W ~ l c o t t , ' ~  former ly  of t h i s  r e sea rch  group. By drawing a f i n e  

c a p i l l a r y  t i p  on the  end of  t h e  d i s p o s a b l e  g l a s s  b a r r e l  and t r a n s f e r r i n g  

t h e  t r a v e l - l i m i t i n g  s l e e v e  from i n s i d e  the  d i spense r  body t o  t h e  p lunge r ,  

t h e  microdispenser  was conver ted  t o  a n  a i r -d isp lacement  dev ice .  (F igu re  1) 

I n  t h e  modi f ied  dev ice ,  a n  excess volume of a i r  was r e t a i n e d  between t h e  

p lunger  and t h e  sample. When t h e  p lunge r  was dep res sed ,  t he  excess  a i r  

a s su red  t h a t  t h e  e n t i r e  volume o f  l i q u i d  was e j e c t e d  from t h e  b a r r e l .  

c )  Graphoi l ,  p y r o l y t i c  graphi te -coa ted  g r a p h i t e ,  PT 101, 0.005 

The d i spense r  w a s  modi f ied  by 

i n .  x 3 i n .  x 3 i n .  (Ul'tra Carbon Corpora t ion ,  Bay C i t y ,  Michigan).  

d )  Hamilton M i c r o l i t e r  s y r i n g e  no. 7 0 1 - N ,  10 m i c r o l i t e r  capac i ty .  

e )  Hamilton G a s t i g h t  s y r i n g e  no. 10001, 1 mL capac i ty .  

f )  P r e c i s i o n  Sampling Corpora t ion  "Pressure-Lock" g a s t i g h t  

sy r inge ,  10 mL c a p a c i t y .  

2.  Chemicals 

a )  1000 ppm Hg2+ s o l u t i o n .  Prepared  from mercur i c  c h l o r i d e  

(Matheson, Coleman and Be l l )  and de ion ized  d i s t i l l e d  water. 

b )  45-60Mesh Chromosorb W 

c )  45-60Mesh Chromosorb W w i t h  5% (W/W) SE-30 

3. A n a l y t i c a l  Opera t ing  Condi t ions  

a )  Demountable Hollow Cathode Lamp: 3mA c u r r e n t ,  he l ium f i l l e r  

gas .  
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640 ROBINSON AND SKELLY 

UNMODIFIED MICRODISPENSER 
MICRODISPENSER MODIFIED 

Limiting 

Modif led 
Qlorr / 

Barre l  

F I G U R E  1: DRUMMOND MICRODISPENSER M O D I F I E D  BY DRAWING A F I N E  C A P I L L A R Y  T I P  ON GLASS 
BARREL AND MOVING THE TRAVEL L I M I T I N G  SLEEVE A S  SHOWN. M 3 D I F I C A T I O N  E L I M I N A T E D  DROP 

HANG-UP ON THE T I P  AND INSURED COMPLETE SAMPLE E J E C T I O N  BY AIR-DISPLACEMENT.  

b )  Carbon bed tempera ture :  1450°C 

c )  Atomizer purge  gas:  commercial compressed n i t r o g e n  w a s  

passed through a sc rubb ing  t r a i n  of s i l i c a  g e l ,  a c t i v a t e d  cha rcoa l  and 

r e s i s t i v e l y - h e a t e d  copper t u r n i n g s .  The scrubbed n i t r o g e n  was supp l i ed  

t o  t h e  a tomizer  when b r e a t h  samples  were n o t  be ing  c o l l e c t e d .  Purge  gas  

was supp l i ed  t o  t h e  a tomizer  a t  275 m L / m i n . ,  a rate s l i g h t l y  f a s t e r  t han  

the  usua l  a tomizer  pumping rate o f  250 mL/min. This provided  a p o s i t i v e  

p re s su re  system and pe rmi t t ed  use  of t h e  184.9 nm l i n e  by exc luding  a i r  

from t h e  a tomizer .  Scrubbed a i r  was used a s  t h e  purge gas  f o r  work a t  

253.7 run. 

d )  Light  p a t h  tempera ture :  900°C minimum 

e )  S l i t  wid th :  100 um (184.9 nm); 25 urn (253.7 nm) 
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641 MERCURY I N  BREATH AND SALIVA 

f )  Wavelength: 184.9 nm or 253.7 nm 

g)  Monochromator purge  gas:  scrubbed n i t r o g e n ,  ZL/min. f o r  

184.9 nm, none f o r  253.7 nm. 

h)  P.M.T. vo l t age :  500 V 

4.  Sample C o l l e c t i o n  and Ana lys i s  

a )  Brea th  

A t w o - l i t e r  b r e a t h  sample w a s  c o l l e c t e d  a s  desc r ibed  

24 p rev ious ly .  

For resonance  l i neabso rp t ionmeasuremen t s  (253.7 o r  184.9 nm), t h e  

demountable Hg hollow ca thode  lamp w a s  used. For measurement of molecular  

background, t h e  sample c o l l e c t i o n  and a n a l y s i s  procedure  was r epea ted ,  b u t  

a deuter ium lamp w a s  used i n  p l a c e  of t h e  hol low ca thode  lamp. 

A l l  s t a g e s  of t h e  sample c o l l e c t i o n  procedure  were timed u s i n g  

a stopwatch so t h a t  samples cou ld  be  c o l l e c t e d  and ana lyzed  i n  a r ep roduc ib le  

manner. 

A "blank" sample w a s  c o l l e c t e d  and ana lyzed  t o  de te rmine  t h e  abso rp t ion  

from a i r  or n i t r o g e n  p u l l e d  through the  a tomizer  i n  between b r e a t h  samples.  

A two l i t e r  a l i q u o t  of a i r  or n i t r o g e n  w a s  drawn over  t h e  bed i n  p l a c e  of a 

b r e a t h  sample. 

of t he  samples run  that  day. 

The absorbance from t h e  b lank  w a s  s u b t r a c t e d  from t h e  absorbance 

Brea th  samples were c o l l e c t e d  from a d u l t  males and females i n  t h e  

Louis iana  S t a t e  Un ive r s i ty  popu la t ion .  Chemistry f a c u l t y ,  g radua te  s t u d e n t s ,  

undergraduate  s t u d e n t s  and secretarial  personnel  c o n s t i t u t e d  t h e  sampled group. 

None of  t he  sample popu la t ion  was occupa t iona l ly  exposed t o  mercury ( o t h e r  

t han  normal l a b o r a t o r y  exposure) .  

w i th  e l emen ta l ,  i no rgan ic  and o rgan ic  mercury on  a l i m i t e d  b a s i s .  

s u b j e c t ,  t o  be  d i scussed  below, was exposed t o  mercury through i n g e s t e d  

p a i n t .  

consumed f i s h  ( a  known source  o f  mercury) two t o  fou r  t imes  p e r  month. 

None of the  s u b j e c t s  had  undergone any d e n t a l  work w i t h i n  t h e  p rev ious  s i x  

months. 

One of t h e  s u b j e c t s  was cu r ren t ly 'work ing  

Another 

Three of  t h e  for ty- two s u b j e c t s  were c i g a r e t t e  smokers. Most s u b j e c t s  

Spec ia t ion  of mercury compounds i n  b r e a t h  w a s  a t t empted  u s i n g  the  

s e l e c t i v e  adso rp t ion  tubes  desc r ibed  by Johnson and Braman. 22 One a d s o r p t i o n  
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642 ROBINSON AND S U L L Y  

tube w a s  packed wi th  SE W-coated Chromosorb W t r e a t e d  with HC1 vapors  and 

one adso rp t ion  tube was packed wi th  NaOH-treated Chromosorb W.'* 

were p laced  i n  t h e  Tygon tub ing  l i n e  l ead ing  t o  the  a tomizer  s o  t h a t  the  

b rea th  sample passed through the  adso rp t ion  tubes  be fo re  r each ing  t h e  

carbon bed. 

These tubes  

b) S a l i v a  

S a l i v a  samples were c o l l e c t e d  from four t een  i n d i v i d u a l s  i n  

the  sample popu la t ion  d i scussed  above. The s u b j e c t s  r i n s e d  t h e i r  mouths 

with t a p  water  t o  remove any fo re ign  p a r t i c l e s  and swallowed s e v e r a l  t imes .  

Sub jec t s  then  expec to ra t ed  i n t o  n i t r i c  ac id-c leaned  polye thylene  v i a l s .  It 

is p o s s i b l e  t h a t  some d i l u t i o n  of  the  s a l i v a  occurred  a s  a r e s u l t  of r i n s i n g  

the  mouth with t a p  wa te r .  The d i l u t i o n  w a s  no t  thought t o  be  very s i g n i f i c a n t ,  

b u t  i n  any case ,  i t  was p r e f e r a b l e  t o  ana lyz ing  s a l i v a  contaminated wi th  

co f fee  or chewing gum. S a l i v a  samples were ana lyzed  immediately a f t e r  

c o l l e c t i o n .  Two m t h o d s  of a n a l y s i s  were used. 

I. Carbon Disk Method 

Carbon d i s k s  were prepared  by punching 6 mm d i s k s  from 

s h e e t s  of p y r o l y t i c  graphi te -coa ted  Graphoi l  wi th  a s t anda rd  ho le  punch. 

d i s k s  were c leaned  by h e a t i n g  them i n  t h e  carbon bed  a t  1450'C u n t i l  no mercury 

abso rp t ion  s i g n a l  was seen .  A f t e r  coo l ing  the  bed under sc rubbed  n i t r o g e n ,  

the d i s k s  were removed and s t o r e d  i n  capped n i t r i c  ac id-c leaned  polye thylene  

v i a l s .  The d i s k s  were c l eaned  about  two hour s  p r i o r  t o  use .  

The 

A 1-pL a l i q u o t  of s a l i v a  was p laced  on a Graphoi l  d i s k  wi th  a 

Hamilton m i c r o l i t e r  sy r inge .  The d i s k  was dropped on to  the  h o t  carbon bed 

and the  abso rp t ion  s i g n a l  measured. 

Background abso rp t ion  wan measured wi th  t h e  deuter ium lamp on a d d i t i o n a l  

a l i q u o t s  of the  sample. 

Samples were ana tyzed  i n  t r i p l i c a t e .  

11. D i r e c t  I n j e c t i o n  wi th  Microdispenser 

Two m i c r o l i t e r  a l i q u o t s  of s a l i v a  were i n j e c t e d  

d i r e c t l y  onto  t h e  h o t  carbon bed wi th  t h e  modified Drummond Microdispenser .  

Background abso rp t ion  was measured wi th  t h e  deuter ium lamp on  s e p a r a t e  a l i q u o t s .  

The g l a s s  rod technique  developed by t h e  a u t h o r s  f o r  s p e c i a t i o n  of  

mercury compounds i n  so lu t ion2 '  was used t o  examine s a l i v a .  The end of the  
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253.7 nm - 
I I N T E R C E P T  .-0 00002 

SLOPE - 0 0196 - CORRELATION COEFFICIENT * 0 9963 

- 

C A L I B R A T I O N  C U R V E :  A Q U E O U S  H o C I Z ,  I p L  S A M P L E  on C A R B O N  DISK 

I 2 5 3 . 7  nm 

0. I 000 

Y INTERCEPT = 0 0004 
SLOPE = 0 0386 

l0000 

- 

1 1 1 1  , I I I I I  

t W 
0 06000 z 
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2 4 6 8 10 12 14 16 I0 20 

P P m  H Q  

FIGURE 2 :  CALIBRATION CURVE PREPARED BY PLACING 1 uL ALIQUOTS OF 
AQUEOUS HgCl STANDARD ONTO HEAT-CLEANED 6 mm-DIAMETER GRAPHOIL DISKS 

WITH A MICROLIT~R SYRINGE. DISKS WERE DROPPED DIRECTLY ONTO HOT CARBON BED. 

CALIBRATION CURVE : MERCURY VAPOR- SATURATED AIR 

FIGURE 3: CALIBRATION CURVE AT 253.7 nm PREPARED BY INJECTION OF MERCURY VAPOR- 
SATLTRATED AIR WITH A GAS-TIGHT SYRINGE. AMOUNT OF MERCURY INJECTED CALCULATED 

FROM VAPOR-PRESSURE DATA AND THE IDEAL GAS LAW. 

g l a s s  r o d  was c l e a n e d  i n  a Bunsen b u r n e r  flame, a l l o w e d  t o  c o o l  and  d ipped  

i n t o  t h e  s a l i v a  sample.  The g l a s s  rod  assembly was p l a c e d  i n  t h e  a t o m i z e r  

and t h e  a b s o r p t i o n  trace measured as a f u n c t i o n  of  time. 

5. C a l i b r a t i o n  

a) B r e a t h  

C a l i b r a t i o n  w a s  accompl ished  by i n j e c t i n g  v a r i o u s  volumes 

of  a i r  s a t u r a t e d  w i t h  mercury  vapor  o n t o  t h e  c o l d  carbon bed w i t h  a g a s - t i g h t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



644 

0 2 0 0 0  

ROBINSON AND SKELLY 

CALIBRATION CURVE : AOUEOUS ti9 CIz. DIRECT INJECTION 

2 5 3 . 7  n m  t I 0000  
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Y INTERCEPT - 0 0061 
SLOPE. 0 0914 

CORRELATION COEFFICIENT = o.999e 

FIGURE 4: CALIBRATION CURVE AT 253.7 nm PREPARED BY DIRGCT INJECTION OF 2 uL ALIQUOTS 
OF AQUEOUS HgC12 STANDARDS WI’M THE MODIFIED DRLTMmlND MICRODISPENSER. 

sy r inge .  

data.23 

b rea th  sample. 

The amount of mercury i n j e c t e d  can be c a l c u l a t e d  from vapor p re s su re  

The adsorbed mercury vapor w a s  analyzed a s  i f  i t  were a t rapped 

The s e n s i t i v i t y ,  def ined as t h a t  q u a n t i t y  of mercury equal  t o  1% 

absorp t ion ,  w a s  (1.5 % 0.2) x 10-l1g f o r  t h e  184.9 nm l i n e  and (1.0 t 0.1) x 

10-l”g f o r  t h e  253.7 nm l i n e .  

C a l i b r a t i o n  curves were l i n e a r  up t o  about 70 ng Hg (approximately 3 mL 

of a i r  s a t u r a t e d  with Hg vapor) a t  t h e  253 .7  nm l i n e .  With l a r g e r  volumes, 

an abso rp t ion  s i g n a l  began t o  be recorded be fo re  t h e  bed was heated.  This  w a s  

probably due t o  mercury being r e l eased  from t h e  carbon near  t h e  bottom of the  

bed, which was warmed by t h e  heated o p t i c a l  path.  

b) S a l i v a  

Aqueous s o l u t i o n s  of Hg2+ in t h e  0 .01 t o  10 ppm range were 

prepared f r e s h  d a i l y  by d i l u t i o n  of a 1000 ppm s t o c k  Hg2+ s o l u t i o n .  

were d i l u t e d  wi th  d i s t i l l e d  deionized water .  

t h e  two methods descr ibed f o r  i n t roduc t ion  of s a l i v a  samples i n t o  t h e  atomizer ,  

t h e  carbon d i s k  method and d i r e c t  i n j e c t i o n  with t h e  Drummond microdispenser .  

The absorbance due t o  blank carbon d i s k s  and deionized d i s t i l l e d  water was 

measured and s u b t r a c t e d  from t h e  absorbance of t h e  s t anda rds  when r equ i r ed .  

Bsckground abso rp t ion  was measured wi th  t h e  deuterium lamp. 

Standards 

C a l i b r a t i o n  curves were run  by 
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MERCURY I N  BREATH AND SALIVA 645  

184.9 nm 

1 H . i  

t’ 
L a b  A i r  Scrubbed N, 

FIGURE 5 :  ABSORPTION TRACES OF A I R  AND N AT 184.9 nm. 

AND RF GENERATOR TURNED ON TO HEAT CARBON BED. POINT C: ATOMIZED SAMPLE PULLED INTO 
LIGHT PATH. 
RESONANCE ABSORPTION (Hg, 184.9 nm) AND MOLECULAR BACKGROUND ABSORPTION (D2, 184.9 nm) 

POINT A: SAMPLE INTRODUCED TO C O h  CARBON BED. POINT B: SAMPLE FLOW STOPPED 

C a l i b r a t i o n  curves were l i n e a r  up t o  10 ppm Hg a t  t h e  253.7 nm l i n e .  

Typical  c a l i b r a t i o n  curves a r e  shown i n  F igu res  2 - 4. P r e c i s i o n  w a s  

determined by making 20 i n j e c t i o n s  of a 2 pprn Hg s o l u t i o n .  The mean 

concen t r a t ion  found by t h e  carbon d i s k  technique w a s  (2.0 0.4) ppm; t h a t  

found by d i r e c t  i n j e c t i o n  w a s  (2.0 5 0.2)  ppm. 

RESULTS 

1. Mercury Concentrat ions in Laboratory A i r  and N 2  Purge Gas 

An a l i q u o t  of l abora to ry  a i r  o r  N? purge gas was analyzed i n  o rde r  

t o  d e t e c t  any mercury In t hese  gases  which would be t rapped by t h e  carbon bed 
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Hg hD2 
A 0 c  

I 2ol 10 

2 5 3 . 7  nm 

I L a b  A i r  

A B C  

Hg 

t 3 tt D2 

A B C  

B r e a t h  

FIGURE 6: ABSORPTION TRACES OF AIR ( I  AND 111) AND BREATH (I1 AND IV) SAMPLES AT 
253.7 m. 

POINT A: SAMPLE INTRODUCED ONTO COLD CARBON BED. 
POINT B: 
POINT C: ATOMIZED SAMPLE PULLED INTO LIGHT PATH. 

SAMPLE FLOW STOPPED AND RF GENERATOR TURNED ON TO HEAT CARBON BED. 

RESONANCE ABSORPTION (Hg, 25317 nm) AND MOLECULAR BACKGROUND ABSORPTION (DZ, 253.7nm) 

dur ing  t h e  coo l ing  pe r iod  between b r e a t h  samples.  

cons idered  t o  be a b lank  f o r  subsequent b r e a t h  samples.  

Th i s  de t e rmina t ion  was 

Absorp t ion  t r a c e s  of l abora to ry  a i r  and n i t rogen  purge gas a t  184.9 nm 

An abso rp t ion  t r a c e  of l abora to ry  a i r  a t  253.7 nm is  are shown i n  F igure  5. 

shown in Figure  6. Resonance abso rp t ion  and background abso rp t ion  a r e  shown. 

Mercury concen t r a t ions  found i n  l abora to ry  a i r  on  va r ious  d a t e s  are 

l i s t e d  i n  Table  2. A l l  d a t a  were measured a t  253.7 nm. The mean mercury 

concen t r a t ion  found was 2.3 pg Hg/m3 a i r .  

~ g / m 3  a i r .  

The range  was from 0 . 1  t o  6 . 3  pg 

2 .  Mercury Concent ra t ions  in  Brea th  

Absorption t r a c e s  of b r e a t h  a t  184.9 nm and 253.7 nm are shown 

i n  F igu res  6 and 7. Use of t h e  184.9 nm resonance  l i n e  was i n v e s t i g a t e d  i n  
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MERCURY IN BREATH AND SALIVA 647 

Date 

7/14/81 

7 /15/81  

7/16/81 

7/20/81 

7 / 2 4 / 8 1 

7/31/81  

8 /27/81  

10/26/81  

101 28/81 

12/14/81  

12/15/81  

12/15/81  

12/17/81  

1/18/82 

1 /21/82  

2/  2/82 

TAELE 2 

MercuryConcentracions in Labora tory  A i r  

ng Hg/2L a i r  

2.6 

1.8 

1.0 

8.0 

1 . 4  

4.0 

2 .o 

1 . 2  

0 . 3  

3.0 

3.0 

11.8 

3.9 

8 .5  

0 . 7  

12.5 

ug  Hg/m3 a i r  

1 .3  

0.9 

5 .5  

4.0 

0 .7  

2.0 

1.0 

0.6 

0.1 

1 . 5  

1 . 5  

5 .9  

1 .9  

4 .3  

0 .3  

6 . 3  

the  hope of  e x p l o i t i n g  t h e  inc reased  s e n s i t i v i t y  of t h i s  l i n e  over  t h e  s p i n -  

fo rb idden  253.7 nm l i n e .  A s  can be seen  i n  F igu re  7, 100% absorp t ion  of t h e  

184.9 nm resonance  l i n e  occurred  a t  t h e  s t a r t  of t h e  b r e a t h  sample c o l l e c t i o n  

pe r iod .  T h i s  a b s o r p t i o n  w a s  due  t o  oxygen, carbon d iox ide ,  water  vapor and 

t h e  molecular  c o n s t i t u e n t s  of b r e a t h .  A t  t h e  end of  t h e  t e n  minute sampl ing  

pe r iod ,  n i t r o g e n  purge  gas  was in t roduced  i n t o  the  a tomizer  and t r ansmiss ion  

of t h e  resonance l i n e  r a p i d l y  inc reased .  However, abso rp t ion  of t h e  resonance  

l i n e  by mercury r e l e a s e d  from the  carbon bed began b e f o r e  the  resonance  s i g n a l  

had r e tu rned  t o  100% t r ansmiss ion .  T h i s  r e s u l t e d  i n  a sample a b s o r p t i o n  

s i g n a l  w i th  a non-hor izonta l  b a s e l i n e  which made the  peak h e i g h t  d i f f i c u l t  t o  

measure r ep roduc ib ly .  In a d d i t i o n ,  a c o r r e c t i o n  f a c t o r  had t o  be  a p p l i e d  

i f  t h e  abso rp t ion  s i g n a l  began a t  less than  100% T.  
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- D2 

184.9 n m  

ROBINSON AND SKELLY 

I oc 

5 5c - 
I- 

U 
0 
v) 
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n 

m 

ae 

0 t 
A A B C  

SAMPLES 

FIGURE 7: ABSORPTION TRACES OF BREATH SAMPLES AT 184.9 mu. 
POINT A: SAMPLE INTRODUCED ONTO COLD CARBON BED. 
POINT B: 

POINT C :  ATOMIZED SAMPLE PULLED INTO LIGHT PATH. 

SAMPLE FLOW STOPPED AND RF GENERATOR TURNED ON TO HEAT CARBON 
BED. 

RESONANCE ABSORPTION (Hg, 184.9 nm) AND MOLECULAR BACKGROUND ABSORPTION (D2, 184.9m) 
ARE SHOWN. 

No molecular abso rp t ion  occurred a t  253.7 nm and t h e  s e n s i t i v i t y  w a s  

adequate  f o r  b r e a t h  a n a l y s i s .  

a t  184.9 nm. 

Therefore ,  no q u a n t i t i a t i v e  ana lyses  v e r e  made 

Mercury concen t r a t ions  i n  t h e  b rea th  of 42 s u b j e c t s  were determined. 

A l l  d e t e rmina t ions  were made a t  253.7 nm. 

The o v e r a l l  average mercury concen t r a t ion  i n  b rea th  was  found t o  be 5.3 ng Hg/ZL 

b rea th ;  t h a t  f o r  males was 4.2 ng Hg/2L b r e a t h  and f o r  females ,  6.9 ng Hg/2L b r e a t h .  

The r e s u l t s  a r e  l i s t e d  i n  Table  3. 

3 .  V a r i a t i o n  i n  Mercury Concentrat ion i n  Breath wi th  Exposure t o  Mercury 
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MERCURY IN BREATH AND SALIVA 649 

TABLE 3 
Mercury Concentrations i n  Breath 

Female 

Subject no. 

1 
2 
3 
4 
5 
6 
I 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

ng Hg/ZL 
Breath 

3.5 
1.5 
3.2 
1.0 
3.1a 
3.1 
6.3 
15.5 
1.8 
.7.2 
12.2 
19.4 

16.7a 

29.7 

2.0 
8.5 
3.6 

none detecteda 

none detected 

none detected 

Subject 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3 3  
34 
35 
36 
37 
38 
39 
40 
41 
42 

Male 
ng Hg/ZL 

no. Breath 

10.4 
0.5 
1.6 
1.5 
6.5 
0.7 
3.3 
0.7 

3.2 
3.8 
0.3 
0.7 
1.3 
1.9 
3.1 
1.0 
7.2 
18.5 
5.0 
4.5 
10.0 

none detected 

acigarette smoker 

Females Males 
n = 20 n = 22 
x = 6.9 ng Hg/ZL Breath 
a = 7.9 a = 4.4 

x = 4.2 ng Hg/2L Breath 

range: none detected-29.7 ng Hg/ZL Breath range: none detected-18.5 ng Hp/2L Breath 

Overall 
n = 42 
x = 5.3 ng Hg/ZL Breath 
a = 6.5 
none detected-29.7 ng Hg/2L Breath range: 

Two females were studied who were exposed to mercury on a limited 

basis. 

The breath of the first subject was analyzed on nine different occasions 

over an eight month period. The mercury concentrations found ranged from 
0.1 ng to 11.1 n 

2L and are listed in Table 4. Analysis 114 was performed about 
< 2L 

3 hours after the subject had handled elemental mercury. 

about two hours after the subject had weighed out solid methylmercury chloride. 

These analyses showed mercury Concentrations i n  the breath of 17.1 and 12.3 ng HgIZL, 

Analysis #9 was performed 
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650 ROBINSON AND SKELLY 

TABLE 4 

Mercury Concent ra t ions  i n  Brea th  of 
a n  I n d i v i d u a l  Exposed t o  Mercury 

Subjec t  1 

Analys is  no. Date 

1 

2 

3 

4a 

5 

6 

7 

8 

gb 

7/14/81 

7/16/81 

7/31/81 

10/26/81  

10/28/81 

12/15/81 

12/17/81  

1/21/82 

2 /  9/82  

ng  H d Z L  
Brea th  

none d e t e c t e d  

3.8 

none de tec t ed  

1 7 . 1  

3.6 

none de tec t ed  

6.7 

none de tec t ed  

12 .3  

aexposed t o  e l emen ta l  mercury 

bexposed t o  methylmercuric c h l o r i d e  

TABLE 5 

Mercury Concent ra t ions  i n  Breath and S a l i v a  
of  an Ind iv idua l  Exposed t o  Mercury Through 

I n g e s t i o n  of Mercury-containing P a i n t  

Subjec t  2 

ng Hd2L 
Brea th  Date 

12/14/81  44.5 

12/15/81 28.4 

1/18/82 64.0 

21 9/82  19 .O 

51 5/82 1 1 . 2  

Note: Exposure ceased 12/31/82 
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MERCURY I N  BREATH AND SALIVA 651 

r e s p e c t i v e l y ,  which were cons ide rab ly  h ighe r  t h a n  concen t r a t ions  found on o t h e r  

occas ions ,  which had a n  ave rage  of 2 ng  Hg/2L. 

The second s u b j e c t  was exposed t o  mercury through o r a l  i n g e s t i o n  of  

mercury-containing p a i n t .  She w a s  i n  t h e  h a b i t  of p o i n t i n g  he r  p a i n t  b rush  

i n  h e r  mouth when p a i n t i n g  ceramic f i g u r i n e s .  The exposure  w a s  d i scove red  

when the  s u b j e c t  was asked t o  dona te  a b r e a t h  sample for  a n a l y s i s .  The 

mercury c o n c e n t r a t i o n  found w a s  44.5 ng Hg/ZL b r e a t h ,  t h e  h i g h e s t  concen t r a t ion  

measured i n  t h i s  s tudy  a t  t h a t  po in t .  A r e p e a t  sample confirmed t h e  h igh  l e v e l .  

The s u b j e c t  then  ceased  p u t t i n g  t h e  brush  i n  h e r  mouth. Mercury l e v e l s  i n  t h e  

s u b j e c t ' s  b r e a t h  decreased  a s  shown i n  Table  5 .  

t h e  b r e a t h  of t hese  2 s u b j e c t s  were n o t  inc luded  i n  t h e  d a t a  in Table  3. 

The mercury l e v e l s  found i n  

4 .  Spec ia t ion  of Mercury i n  Brea th  

An a t t empt  was made to s p e c i a t e  mercury in b r e a t h  through t h e  u s e  

of t he  two a d s o r p t i o n  tubes  desc r ibed  p rev ious ly .  The HC1-treated SE-30- 

coa ted  Chromosorb W w a s  supposed to r e t a i n  HgC12-like compounds. 

t r e a t e d  Chromosorb W w a s  supposed t o  r e t a i n  CH3HgCl-like compounds. Elemental  

mercury vapor  and d imethyl  mercury should  have passed through t h e  adso rp t ion  

t u b e s  and been r e t a i n e d  on t h e  carbon bed. A i r  s a t u r a t e d  wi th  mercury vapor  

w a s  used t o  check t h e  adso rp t ion  tube  system. 

The NaOH- 

1 mL of  a i r  s a t u r a t e d  w i t h  Hgo (about  20 ng  Hg) w a s  i n j e c t e d  through 

both  a d s o r p t i o n  tubes .  The sample was t r e a t e d  as though it was a b r e a t h  sample.  

No abso rp t ion  s i g n a l  was seen  when t h e  carbon bed was hea ted .  compared t o  a 

20% abso rp t ion  s i g n a l  for t h e  same volume of a i r  i n j e c t e d  wi thout  t h e  

adso rp t ion  tubes .  

through the  a d s o r p t i o n  tubes .  

t o  a 93% abso rp t ion  s i g n a l  wi thout  t h e  adso rp t ion  tubes .  

10 mL of a i r  s a t u r a t e d  w i t h  mercury vapor  was i n j e c t e d  

A 6% absorp t ion  s i g n a l  was gene ra t ed ,  compared 

Each a d s o r p t i o n  tube  w a s  t r i e d  s e p a r a t e l y ,  w i th  t h e  same r e s u l t s .  The 

tubes  obvious ly  adsorbed  e l emen ta l  mercury vapor ,  a l though  they  were r e p o r t e d  

to n o t  adsorb  i t .  The method w a s  t h e r e f o r e  u n s u i t a b l e  f o r  t h e  s p e c i a t i o n  of 

mercury compounds i n  b rea th .  

5. Mercury Concen t r a t ions  i n  S a l i v a  

Mermry w a s  de te rmined  i n  t h e  s a l i v a  of f i f t e e n  s u b j e c t s ,  most of 

them from t h e  breath-sampled popu la t ion .  The two mercury exposed s u b j e c t s  were 

inc luded  i n  t h e  sampled group. 
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652 ROBINSON AND SKELLY 

TABLE 6 

Mercury Concent ra t ions  i n  S a l i v a  

Female Male 

Subjec t  no. PPm Hg Sub jec t  no. 

1 0.32 5 

za 0.39 6 

3 0.32 7 

qb 0.80 8 

4c 0 .08  9 

5 0.24 10 

11 

12 

1 3  

14 

aexposed t o  e l emen ta l  and o rgan ic  mercury. 

PPm Hg 

0.24 

0.19 

0 .21  

0.19 

0 .50  

0.28 

0 . 2 1  

0.15 

0.10 

0.40 

bexposed t o  mercury through i n g e s t i o n  of p a i n t .  

‘same s u b j e c t  as 4 . 
Sample t aken  12/14/81. 

b Sample taken  5/5/82. 

Results are l i s t e d  i n  Table  6.  The o v e r a l l  mean concen t r a t ion  was 

0.27 ppm Hg wi th  a s t anda rd  d e v i a t i o n  of 0.11 and a range  of 0.15 - 0.50 ppm Hg. 

The paint-exposed i n d i v i d u a l  had a s a l i v a  mercury l e v e l  of 0.80 ppm. 

g r e a t e r  than  4 a from t h e  mean and t h e r e f o r e  was n o t  inc luded  i n  c a l c u l a t i n g  

t h e  mean. Her s a l i v a  mercury l e v e l  decreased  wi th  t ime,  as can  be seen  i n  

Table  5. 

This  was 

The female sample popula t ion  was t o o  s m a l l  t o  a l low s t a t i s t i c a l  

comparison of t h e  male and female average  concen t r a t ions .  

2 IIL s a l i v a  samples gave resonance  l i n e  abso rp t ion  s i g n a l s  of 2 - 8% 

w i t h  no molecular  background abso rp t ion .  

6. C o r r e l a t i o n  between Mercury Concen t r a t ions  i n  Brea th ,  S a l i v a  and 
Hair 

Twelve s u b j e c t s  had mercury l e v e l s  i n  b o t h  b r e a t h  and s a l i v a  

measured i n  t h i s  s tudy .  S ix t een  of the  breath-sampled popu la t ion  had mercury 

l e v e l s  i n  s c a l p  h a i r  determined i n  a n  earlier s tudy .23  

d a t a  a v a i l a b l e  for a l l  t h r e e  matrices. 

Nine s u b j e c t s  had 
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0 1 -  

MERCURY IN BREATH AND SALIVA 

CORRELATION B E T W E E N  MERCURY CONCENTRATION 
IN BREATH AND S A L I V A  

c 

a 

FIGURE 8 :  NO CORRELATION EXISTS BETWEEN MERCURY LEVELS IN BREATH AM) SALIVA FOR A 
NORMAL POPULATION. (CORRELATION COEFFICIENT = 0.244 EXCLUDING POINT MARKED WITH 
ASTERISK). 
(POINT MARKED WITH ASTERISK) RESULTED IN VERY HIGH MERCURY LEVELS IN BOTH BREATH 
AND SALIVA. 

RECENT MPOSURE TO MERCURY THROUGH INGESTION OF MERCURY-CONTAINING PAIKT 

Correlation diagrams are given in Figures 8 - LO. 

7 .  Speciation of Mercury Compounds in Saliva 

The absorption-time trace of a saliva sample on the glass rod 

consisted of a single broad absorption peak with a maximum at a retention time 

of 1 minute. 

DISCUSSION 

1. Advantages of the Quartz "T" Atomizer 

The use of the quartz "T" atomizer in the determination of mercury 

in breath and saliva has several advantages over other methods of analysis: 

a) It permitted use of the more sensitive 184.9 nm resonance line 

as well as the more commonly used 2 5 3 . 7  nm line. 

b) It eliminated the need for sample pretreatment, due to the 

efficient one-step atomization process. Atomization took place outside of 

the light path, so that scatter and background absorption were decreased. 
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CORRELATION BETWEEN MERCURY CONCENTRATION 
I N  HAIR AND SALIVA 

ppm Hg In S A L I V A  

FIGURE ? : NO CORRELATION EXISTS BElWEEN MERCURY LEVELS I N  H A I R  AND SALIVA 
FOR NORMAL POPULATION (CORRELATION COEFFICIENT = -0.119 EXCLUDING 
POINT MARKED WIlX ASTERISK). RECENT EXPOSURE TO MERCURY THROUGH 

INGESTION OF MERCURY-CONTAINING PAINT (POINT MARKED WITH ASTERISK) RESULTED 
I N  VERY HIGH MERCURY LEVELS I N  BOnl HAIR AND SALIVA. 

c )  Mercury from b rea th  samples w a s  t rapped  d i r e c t l y  i n  t h e  a tomizer ,  

s o  t h a t  no t r a n s f e r  of t h e  trapped sample w a s  necessary .  Th i s  e l imina ted  one 

p o s s i b l e  sou rce  of l o s s .  

d) Accuracy was improved f o r  s a l i v a  ana lyses  because  t h e  d i r e c t  

de t e rmina t ion  e l imina ted  losses of mercury due  t o  incomplete d i g e s t i o n  o r  

incomplete recovery  from concen t r a t ion  s t e p s .  I n  a d d i t i o n ,  no mercury contaminat ion  

occurred  from reagen t s  used f o r  w e t  ash ing .  

e )  Accuracy f o r  b r e a t h  and s a l i v a  ana lyses  was improved because  

a l l  of t h e  mercury which en te red  t h e  a tomizer  passed through t h e  l i g h t  pa th  

and was de tec t ed .  No l o s s e s  such a s  those  due t o  v o l a t i l i z a t i o n  du r ing  the  

d ry ing  and a sh ing  cyc le s  of commercial g r a p h i t e  fu rnaces  o r  due t o  incomple te  

r educ t ion  of mercury du r ing  cold-vapor a n a l y s i s  could  occur .  

2. Analys is  of Brea th  Using t h e  184 .9  nm Resonance Line  

A s  can  be  seen  i n  F igu re  7, t h e  mercury abso rp t ion  peak occurred  

on t h e  shoulder  of  t h e  molecular background abso rp t ion .  It i s  c l e a r  from 
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MERCURY I N  BREATH AND SALIVA 655 

CORRELATION BETWEEN M E R C U R Y  CONCENTRATION 
IN H A I R  A N D  BREATH 

t- 0 0 3'0[ 2 . 5  

u 

o* 

0 I 2  3 4 5 6 ' 4 5 4 6  

n g  Hg / 2 L BREATH 

FIGURE 10: NO CORRELATION (CORRELATION COEFFICIENT =- .292  EXCLUDING POINT MARKED 
WITH ASTERISK) EXISTS BETWEEN MERCURY LEVELS I N  HAIR AND BREATH FOR NORMAL POPULATION. 
RECENT EXPOSURE TO MERCURY THROUGH INGESTION OF MERCURY-CONTAINING PAINT. (POINT 
MARKED WITH ASTERISK) RESULTED I N  H I G H  MERCURY LEVELS I N  BOTH HAIR AND BREATH. 

t h e  abso rp t ion  t r a c e  t h a t  mercury was indeed p r e s e n t  i n  exp i r ed  a i r ,  b u t  i t  

was no t  known i f  any v o l a t i l e  mercury compound was e l u t i n g  from t h e  carbon 

under the  molecular  a b s o r p t i o h  peak. 

t o  have s u f f i c i e n t  s e n s i t i v i t y  f o r  b r e a t h  a n a l y s i s  wi thout  t h e  problems of 

molecular  abso rp t ion ,  no  f u r t h e r  work w a s  done a t  184 .9  nm. 

S ince  t h e  253.7 nm resonance  l i n e  proved 

3 .  Analys i s  of Brea th  Using t h e  253.7 nm Resonance Line  

The s e n s i t i v i t y  of t he  253.7 nm l i n e  (de f ined  a s  a 1% absorp t ion  

s i g n a l )  was about  1 x 10elOg Hg. This  w a s  p e r f e c t l y  adequate  f a r  b r e a t h  

a n a l y s i s ,  s i n c e  most b r e a t h  samples gave a n  abso rp t ion  s i g n a l  of between 

3% and 20% abso rp t ion .  Molecular abso rp t ion ,  determined by t h e  a b s o r p t i o n  

s i g n a l  of a sample measured wi th  the  deuter ium lamp, was n e g l i g i b l e .  a s  can  

be seen  i n  F igu re  6 .  

4 .  Range of Mercury Concen t r a t ions  in Breath  of Normal Popu la t ion  

No s t u d i e s  of mercury concen t r a t ions  i n  t h e  b r e a t h  of a normal 

popu la t ion  were found in t h e  l i t e r a t u r e .  I t  i s  no t  unreasonable  t o  suppose 
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656 ROBINSON AND SKELLY 

t h a t  b r e a t h  i s  a means o f  e x c r e t i o n  of  mercury from t h e  body. i n  a manner 

a n a l o g o u s  t o  e x c r e t i o n  o f  Se and  Te. I t  must be  remembered t h a t  p o s s i b l e  

s o u r c e s  o f  mercury i n  t h e  sample i n c l u d e  mercury v o l a t i l i z e d  from t h e  

l u n g ,  merrury  r e l e a s e d  f r o m  t h e  s u r f a c e  of d e n t a l  amalgam f i l l i n g s  i n  t h e  

mouth, mercury v o l a t i l i z e d  by b a c t e r i a  i n  t h e  mouth, mercury v o l a t i l i z e d  

from s a l i v a  or e n t r a i n e d  i n  s a l i v a  d r o p l e t s  i n  t h e  e x h a l e d  b r e a t h .  

The a v e r a g e  mercury c o n c e n t r a t i o n  i n  t h e  b r e a t h  o f  t h e  p o p u l a t i o n  

sampled was found t o  be  5 .3  n g  Hg/PL b r e a t h  o r  2 .65  ug/m . I t  h a s  b e e n  

e s t i m a t e d  t h a t  a person  e x h a l e s  l L 4  L b r e a t h / d a y . '  

e x c r e t i o n  of 26 .5  pg Hg/day t h r o u g h  t h e  b r e a t h .  

T h i s  would r e s u l t  i n  

A s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  be tween t h e  mean c o n c e n t r a t i o n s  of 

mercury i n  b r e a t h  f o r  t h e  male and female  p o p u l a t i o n -  sampled .  

5. V a r i a t i o n s  i n  Mercury C o n c e n t r a t i o n  i n  B r e a t h  on Exposure  to  
Mercury 

a )  S u b j e c t  1 

The a v e r a g e  mercury l e v e l  of s u b j e c t  1 was 2 . 0  ng Hg/ZL b r e a t h  

a s  d e t e r m i n e d  by seven  s e p a r a t e  a n a l y s e s  o v e r  a p e r i o d  o f  e i g h t  months.  

two o c c a s i o n s ,  mercury l e v e l s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h i s  were  found.  

On 

A f t e r  a morning was s p e n t  i n  p r e p a r a t i o n  o f  e l e m e n t a l  mercury-copper 

f o i l  amalgams, a c o n c e n t r a t i o n  of 1 7 . 1  ng  Hg/2L b r e a t h  was measured .  Exposure 

was t o  Hgo, p r i m a r i l y  t h r o u g h  i n h a l a t i o n ,  a l t h o u g h  some a b s o r p t i o n  t h r o u g h  

t h e  s k i n  may h a v e  o c c u r r e d .  

o u t  s o l i d  CH3HgC1 f o r  p r e p a r a t i o n  of s o h u t i o n s .  

th rough i n h a l a t i o n  of f i n e  d u s t  w i t h  p o s s i b l e  minor s k i n  c o n t a c t .  A b r e a t h  

sample t a k e n  a f t e r w a r d s  c o n t a i n e d  12 .3  ng Hg/2L b r e a t h .  

On t h e  second o c c a s i o n ,  t h e  s u b j e c t  had weighed 

Exposure was a g a i n  p r i m a r i l y  

b )  S u b j e c t  2 

T h i s  s u b j e c t  was f i r s t  sampled on 1 2 / 1 2 / 8 1  and was found t o  

have a v e r y  h i g h  l e v e l  o f  mercury i n  h e r  b r e a t h .  

no r e c e n t  d e n t a l  work a n d  consumed f i s h  a b o u t  f o u r  t i m e s  p e r  month. 

e x p l a i n e d  t h a t  f o r  about  one  month p r i o r  t o  t h e  s a m p l i n g  d a t e  s h e  had been  

p a i n t i n g  c e r a m i c  ornaments  and  had  been  p o i n t i n g  t h e  p a i n t  b r u s h  i n  h e r  mouth. 

T h r e e  of t h e  c e r a m i c  p a i n t s  ( b l a c k ,  w h i t e ,  and g r a y )  were  a n a l y z e d  and were  

found t o  c o n t a i n  mercury.  The c h e m i c a l  form o f  t h e  mercury was n o t  known. The 

s u b j e c t  r e f r a i n e d  from p u t t i n g  t h e  p a i n t  b r u s h  i n  h e r  mouth from t h i s  t i m e  on 

She d i d  n o t  smoke, h a d  had 

She 
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MERCURY I N  BREATH AND SALIVA 657 

and exposure ended about  two weeks l a t e r .  The s u b j e c t ' s  b r e a t h  was monitored 

fo r  two months and t h e  mercury l e v e l  showed a dec rease  by the  second month. 

A sample taken  5 months a f t e r  exposure  had a l e v e l  of 11.2 ng Hg/2L, we l l  w i th in  

'hormal' range. 

The s u b j e c t ' s  husband a l s o  had a b rea th  sample ana lyzed ,  bu t  t h e  

concen t r a t ion  was found t o  be wi th in  one s t anda rd  dev ia t ion  of  t he  no rma l  average  

concen t r a t ion .  I t  seemed, t h e r e f o r e ,  t h a t  t h e  h igh  mercury l e v e l s  found i n  

Subjec t  2 ' s  b r e a t h  were due t o  her pa in t  exposure and no t  t o  an  exposure  common 

t o  h e r  and h e r  spouse,  e .g . ,  d i e t ,  r e s idence ,  e t c .  Moreover, s a l i v a  samples 

from Subjec t  2 and h e r  husband showed t h a t  she had t h e  h ighes t  mercury 

concen t r a t ion  of the  popula t ion  sampled, wh i l e  h i s  va lue  w a s  w i th in  2 a of 

t h e  'hormal' mean. 

6. Attempt a t  Spec ia t ion  o f  Mercury i n  Breath 

The chemical form of mercury i n  t h e  b r e a t h  is no t  known. Previous  

s t u d i e s  of  an imals  and man i n d i c a t e  t h a t  mercury can be exhaled as Hgo and 

(CH3)>Hg, bu t  t h e s e  s t u d i e s  were done a f t e r  d e l i b e r a t e  exposure t o  mercury. 

The chemical form of a t  least some exhaled mercury was the  same a s  t h e  chemical 

form t o  which the  s u b j e c t  was exposed. 

S ince  s e v e r a l  e lements  can  be v o l a t i l i z e d  through t h e  lungs a s  d imethyl  

compounds ( e . g . ,  (CH3)2Se, (CH3)2Te), d imethyl  mercury i s  a p o s s i b l e  form o f  

exhaled mercury. Elemental  mercury i s  a l s o  a p o s s i b l e  form of exhaled  

mercury and may a l s o  be p re sen t  i n  b r e a t h  due t o  amalgam d e n t a l  f i l l i n g s .  

It  is of g r e a t  i n t e r e s t  t o  no te  t h a t  r e s e a r c h e r s  have found mercaptans 

and d ime thy l su l f ide  i n  These a r e  assumed t o  be  metabol ic  p roduc t s  

from su l fu r - con ta in ing  amim a c i d s .  The mobile forms of mercury i n  v ivo  a r e  

thought t o  be mercury-g lu tha th ione  and mercury-cys te ine   compound^.^^'^^ 
p o s s i b l e  t h a t  mercury may be v o l a t i l i z e d  a s  a mercury-su l fur  compound. 

I t  is  

An a t t empt  was made t o  use  a s p e c i a t i o n  technique  r epor t ed  i n  the  

l i t e r a t u r e "  which had sepa ra t ed  HgC12, CH3HgC1, Hgo and (CH3)2Hg i n  a i r  by 

s e l e c t i v e  adso rp t ion .  The f i r s t  two adso rp t ion  tubes  i n  t h e  sampl ing  t r a i n  

were r e p o r t e d  n o t  t o  adsorb  Hgo OK (CH3)>Hg. Accordingly,  i f  t he  on ly  chemical 

forms of mercury i n  b r e a t h  were Hgo and /o r  (CH3)2Hg, t h e  abso rp t ion  s i g n a l  from 

b r e a t h  should be unchanged on pass ing  through t h e s e  two adso rp t ion  tubes .  
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658 ROBINSON AND SKELLY 

Both tubes ,  one con ta in ing  HC1-treated SE-30-doated Chromosorb W and 

the  o t h e r ,  NaOH-treated Chromosorb W. were placed i n  s e r i e s  i n  the  Tygon 

tub ing  l ead ing  t o  the  a tomizer .  

However, no abso rp t ion  s i g n a l  was seen upon i n j e c t i o n  of a i r  s a t u r a t e d  

wi th  mercury vapor i n t o  the  s p e c i a t i o n  t r a i n .  Complete adso rp t ion  o f  a s  much 

as 100 ng  Hg b y  the  tubes  occurred  d e s p i t e  t he  r epor t  t h a t  t hese  m a t e r i a l s  d id  

not  absorb Hg’. 

of t he  i n j e c t e d  Hgo w a s  seen  f o r  each .  

b rea th  was no t  p o s s i b l e  us ing  t h i s  technique .  

Each tube  was a l s o  t r i e d  s e p a r a t e l y  and complete adso rp t ion  

Therefore ,  s p e c i a t i o n  of  mercury i n  

7. Range of Mercury Concent ra t ions  i n  S a l i v a  

Very l i t t l e  work has  been done on mercury l e v e l s  i n  s a l i v a ,  

e s p e c i a l l y  i n  a normal popula t ion .  

than  0.005 ppm Hg was found i n  t h e  s a l i v a  of non-occupat iona l ly  exposed 

s u b j e c t s ,  bu t  i n  t h i s  ca se  s a l i v a  was c o l l e c t e d  from the  p a r o t i d  gland wi th  

a s u c t i o n  device ,  so t h a t  s a l i v a  d id  not  con tac t  t h e  r e s t  of t he  mouth. 

I n  the  s tudy  by Joselow e t  a l . 1 9 ,  less 

The average  mercury l e v e l  found i n  s a l i v a  i n  t h i s  s tudy  was 0 . 2 1  ppm. 

This  va lue  i s  s i g n i f i c a n t l y  h ighe r  than t h a t  r epor t ed  by Joselow et  a1.l’. 

h ighe r  va lue  could  be t h e  r e s u l t  of t h e  improved accuracy  of OUT d i r e c t  

de t e rmina t ion .  I t  could  a l s o  r e s u l t  from inc reased  mercury concen t r a t ion  i n  

whole s a l i v a  through con tac t  w i th  amalgam f i l l i n g s  and b a c t e r i a  i n  t he  mouth. 

A l l  of t he  s u b j e c t s  had some amalgam f i l l i n g s  bu t  t he  exac t  number was not 

a s c e r t a i n e d .  

The 

The s a l i v a  mercury l e v e l  of  t h e  paint-exposed i n d i v i d u a l  was g r e a t e r  

than  4 o from t h e  mean of t h e  normal popula t ion .  It  is ev iden t  t h a t  s a l i v a  

mercury l e v e l s  do r e f l e c t  r ecen t  mercury exposure ,  conf i rming  t h e  r e p o r t s  of  

Joselow e t  a1.l’  and S t ~ p f o r d . ~  The mercury l e v e l  i n  h e r  s a l i v a  decreased  t o  

normal l e v e l s  over a six-month per iod  fo l lowing  t h e  las t  exposure .  The o t h e r  

female w i t h  t h e  two h i g h  b r e a t h  mercury va lues  had a s a l i v a  mercury l e v e l  of 

0.39 ppm, w e l l  w i th in  2 0 of t h e  mean. Her b r e a t h  was measured a t  t h e  same 

t i m e  t he  s a l i v a  samples were taken  and w a s  found t o  have no d e t e c t a b l e  mercury.  

8. Spec ia t ion  of Mercury Compounds i n  S a l i v a  

The r e t e n t i o n  time of t h e  s i n g l e ,  broad mercury-containing peak 

i n  s a l i v a  was 1 minute.  Aqueous HgCl;! and CH3HgC1 had a r e t e n t i o n  t i m e  o f  
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MERCURY I N  BREATH AND SALIVA 659 

0 . 5  minute and gave 

peak i n  s a l i v a  i s  the  same a s  t h a t  i n  u r i n e  and l e s s  than  t h a t  i n  sweat 

(1.5 minutes) .  It  can  be concluded t h a t  t he  mercury compound i n  s a l i v a  

i s  less v o l a t i l e  than  HgC12 and CHzflgCl. 

low molecular weight su l fu r - con ta in ing  amino a c i d .  

ve ry  sha rp  peaks.  The r e t e n t i o n  t i m e  of t h e  mercury 

The mercury maybe bound t o  a 

9 .  C o r r e l a t i o n  of Mercury Levels i n  Brea th ,  Sa l iva  and Sca lp  Hai r  

A s  can  be seen  i n  F igu res  8 - 10, no c o r r e l a t i o n  e x i s t s  among 

mercury l e v e l s  i n  b r e a t h ,  s a l i v a  and s c a l p  h a i r  f o r  a normal popu la t ion .  

I n  l i g h t  o f  t h e  f i n d i n g s  of Joselow et  

appeared t o  r e f l e c t  b lood  mercury l e v e l s ,  i t  i s  somewhat s u r p r i s i n g  t h a t  

t h e r e  i s  no c o r r e l a t i o n  between s a l i v a  and b rea th  mercury l e v e l s .  

should  r e f l e c t  blood mercury l e v e l s  if Hg2+ i s  t h e  major form of mercury 

i n  blood and a n  equ i l ib r ium between Hg2+ and Hgc is  p r e s e n t  i n  b lood .  

Therefore ,  b r e a t h  should  c o r r e l a t e  w i th  s a l i v a  mercury l e v e l s .  It is  

p o s s i b l e  (and p robab le )  t h a t  mercury does no t  e x i s t  a s  H2+ i n  t h e  b lood ,  

bu t  as a complex wi th  g l u t a t h i o n e  O K  c y s t e i n e .  

t h e  major p a r t  of mercury i n  b r e a t h  does not  come from t h e  lungs  bu t  from 

amalgam f i l l i n g s  i n  t h e  mouth. 

t h a t  s a l i v a  mercury l e v e l s  

Brea th  

I t  is  a l s o  p o s s i b l e  t h a t  

A d e f i n i t e  c o r r e l a t i o n  e x i s t s  f o r  mercury l e v e l s  i n  a l l  t h r e e  m a t r i c e s  

f o r  r e c e n t  mercury exposure .  

b rea th ,  s a l i v a  and s c a l p  h a i r  l e v e l s  of a l l  s u b j e c t s  surveyed .  

and s a l i v a  l e v e l s  bo th  dropped back t o  normal w i t h i n  s i x  months of t he  

l a s t  exposure.  

The paint-exposed i n d i v i d u a l  had t h e  h i g h e s t  

The b r e a t h  

CONCLUSIONS AND SUMMARY 

The use  of t h e  q u a r t z  "T" a tomizer  f o r  a tomic  abso rp t ion  spec t roscopy 

enabled  t h e  development of a s imple ,  s e n s i t i v e ,  e f f e c t i v e  method f o r  t h e  

de t e rmina t ion  of mercury i n  b r e a t h  and s a l i v a .  

The ave rage  mercury concen t r a t ion  i n  the  b r e a t h  of a normal a d u l t  

popu la t ion  was found t o  be 2 . 6 5  p g  Hg/m3 b r e a t h .  

The average  mercury concen t r a t ion  i n  the  s a l i v a  o f  a normal a d u l t  

popu la t ion  w a s  found t o  be  0 .27  ppm Hg. 

Brea th  and s a l i v a  were shown t o  r e f l e c t  r e c e n t  exposure  t o  s e v e r a l  

chemical forms of  mercury. 

i n d i c a t o r s  of mercury exposure.  

Therefore ,  bo th  matrices can  s e r v e  as b i o l o g i c a l  
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660 ROBINSON AND SKELLY 

No c o r r e l a t i o n  was found among mercury i n  b r e a t h .  s a l i v a  and s c a l p  h a i r  

for  it nurmdl  p o p u l a t i o n .  Good C o r r e l a t i o n  was found among mercury l e v e l s  

i n  a l l  t h r e e  m a t r i c e s  f o r  r e c e n t  mercury e x p o s u r e .  
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