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ALA and O rgan ic  L ead-----R obinson

S y n o p s is -A b s trac t '

D e lta -a m in o le v u l in ic  a c id  (ALA) and le a d  w ere m easured  in  th e  u r in e  

o f w o rkers  ex p o sed  to  o rg an ic  le a d  in  th e  form of te tra e th y l le a d  (TEL) 

and te tra m e th y l le ad  (TML). The le v e ls  o f ALA and lea d  in  u rine  w ere 

found to  hav e  a  re la t iv e ly  low  p o s i t iv e  c o rre la t io n o f r= 0 .3 3 . T hese 

re s u l ts  a re  q u a l i ta t iv e ly  s im ila r  to  , bu t m ay be  qu a n ti ta t iv e ly  

d if fe re n t from , re s u l ts  rep o rted  by o th e rs  fo r p e rso n s  ex p o sed  to  in o r­

g an ic  form s o f le a d . The m echan ism  th rough  w h ich  the  ab so rb ed  o rgan ic  

le a d  e x e r ts  i ts  e f fe c t  on u r in a ry  ALA is  no t in d ic ate d  by th is  s tu d y . 

U rinary  ALA v a lu e s  w ere found to  be s ig n i f ic a n t ly  le s s  s e n s i t iv e  th an  

u rin ary  le a d  v a lu e s  as  an  in d ic a t io n  o f in c re a s e d  ab so rp tio n  o f o rgan ic  

le a d  in  th e  form of TEL and  TM L. .
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E lev a tio n  of th e  d e l ta -a m in o le v u l in ic  a c id  (ALA) lev e l  in  u rine  h as 

b een  rep o rted  to  be  a  s e n s i t iv e  a n d , e x c e p t fo r c e rta in  ra re  d iso rd e rs  of 

po rphy rin  m e ta b o lism , s p e c i f ic  in d ic a t io n  o f in c re ase d  a b so rp tio n  of 

le a d  ' . The e le v a t io n  is  th o u g h t to  re s u l t  from a p a r t ia l  in h ib it io n  by 

le a d  o f the  c o n v e rs io n  of ALA in to  p o rp h o b il in o g en  a s  one o f th e  s te p s  in  

th e  norm al b io s y n th e s is  o f hem og lob in . Such an  e le va t io n  is  an  in d ic a t io n  

o f a b io lo g ic a l re s p o n s e  to  th e  a b so rb ed  m a te r ia l .

The u su a l c l in ic a l  p ic tu re  a s s o c ia te d  w ith  in to x ic atio n  due to 

in o rg a n ic  le ad ^  is  q u ite  d if fe re n t from th a t p ro duced  by o rg an ic  le a d  in  the

4
form o f te tra e th y l le a d  (TEL) . The b io ch em ica l m echan ism s underly ing  

th e s e  d if fe re n c e s  are  n o t u n d e rs to o d . The rep o rts  th a t hav e  b een  p u b lish e d  

c o n ce rn in g  the  e f fe c t  o f le a d  on u rinary  ALA le v e ls h av e  d e a l t  w ith  ex p o su res  

to  in o rg an ic  form s o f le a d . An in v e s t ig a t io n  of the p o s s ib le  e f fe c ts  of 

a b so rp tio n  o f an  o rg an ic  form o f le a d  upon u rin a ry  ALA le v e ls  w as c o n s id e re d  

to  be of in te re s t .

M a te r ia ls  and M ethods

S u b je c ts-----One hundred  tw e n ty -s ix  a d u lt  m a les  o f  v a r io u s  a g e s  and

le n g th s  o f s e rv ic e ,  a l l  w ork ing  a s  o p e ra to rs  or m a in ten an ce  men in  an  a re a  

o f p ro d u c tio n  o f le a d  a lk y l an tik n o ck  com pounds , prov ided  th e  sp ec im en s 

o f u r in e  u sed  in  th is  s tu d y . M o st o f th e s e  m en hav e a re la t iv e ly  much 

g re a te r  p o te n t ia l  fo r o c c u p a tio n a l e x p o su re  to  o rg an ic  le a d  in  th e  form o f 

te tra e th y l le a d  (TEL) and te tra m e th y i le a d  (TML) th an  to  in o rg an ic  form s o f
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le a d . E xposu res m ust be c o n s id e re d  to  be to  a m ix ture o f TEL and TML, 

w ith  th e  re la t iv e  am oun ts of e a c h  com ponen t b e ing  va r ia b le  and unknown 

fo r a  g iven  in d iv id u a l. The s u b je c ts  w ere s e e n  as  pa rt o f a ro u tin e  program  

o f m ed ica l su rv e i l la n c e  of em p lo y ees w ork ing  in  th is  a re a  o f p ro d u c tio n . 

N one of the  s u b je c ts  w ere c l in ic a l ly  i l l  and  none were on any  ty p e  of 

" d e lea d in g "  th e ra p y .

U rine S p e c im e n s .-----E ach  u rine  sp ec im en  c o n s is te d  o f a s in g le

v o id in g  o f 75 mi o r more o b ta in e d  a t  som e tim e du ring  th e  e m p lo y e e 's  

norm al w ork ing d a y . M o st o f th e  sp ec im en s  w ere o b tain ed  from th o se  

w o rkers  th o u g h t to  have th e  g re a te s t  p o te n t ia l  for in c re a s e d  ab so rp tio n  of 

o rg an ic  le a d . A few  sp ec im en s w ere o b ta in e d  from s ub je c ts  w hose  work 

w a s  th o u g h t to  o ffe r re la t iv e ly  l i t t l e  o p p o rtu n ity  for o c cu p a tio n a l ex p o su re  

to  le a d  in  any  form . A sm a ll p o rtio n  (abou t 2 ml) of each  sp ec im en  w as s e t  

a s id e  fo r d e te rm in a tio n  o f ALA c o n c e n tra t io n  and w as s to red  a t  5°F (-15°C ) 

u n ti l  a n a ly s is .  No m easu rem en t or a d ju s tm en t o f u rinary  pH w as done 

p rio r to  s to ra g e . The rem a in d er o f e a c h  sp ec im en  w as u se d  for d e te rm in a ­

t io n  o f le a d  c o n c e n tra t io n . A to ta l  o f 280 u rin e  spec im en s w ere an a ly zed  

fo r bo th  ALA and  le a d .

A n a ly ses .-----All ALA d e te rm in a tio n s  w ere done in the c l in ic a l

lab o ra to ry  o f th e  p la n t m ed ica l f a c i l i t y ,  u s in g  th e m o d if ica tio n  by D av is 

e t a l5 o f th e  m ethod o f M au z e ra i l  and G ran ick 6 . D isp o sa b le  io n -e x c h an g e  

ch ro m ato g rap h ic  co lum ns and  re a g e n ts  w ere o b ta in e d  com m erc ia lly  (B io-Rad
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L a b o ra to r ie s , R ichm ond, C a l i fo rn ia ) . S tan d ard s w ere run w ith  e ac h  group 

o f sp ec im en s  a n a ly z e d . I t  sh o u ld  be re c o g n iz e d  th a t th e  low er ("norm al") 

v a lu e s  for u r ina ry  ALA in d ic a te d  by the  m ethod u sed a re  on ly  in  p a rt 

(10-20% ) d u e  to  ALA, w ith  th e  b a la n c e  p resum ab ly  be ing  due to  a re s id u e  

o f am ino k e to n es  and g lucosam ine® . H ow ever, th is  m ethod h as b een  shown, 

to  be sp e c i f ic  for e le v a te d  v a lu e s  of ALA found in  s u b je c ts  hav ing  a d iso rd e r  

o f  po rphy rin  m etabo lism ^ ' ®, and in  s u b je c ts  hav ing  e x c e s s iv e  a b so rp tio n  

o f in o rg an ic  lead ^  .

' A ll le a d  d e te rm in a tio n s  w ere done by th e  A n a ly tica l S ec tio n  o f 

R & D S e rv ic e s  a t  E th y l 's  Baton Rouge p la n t by a m od if ica tio n  (Ethyl 

A n a ly tica l P rocedure  N o . 138 , Baton Rouge) o f th e  dith ia z o n e  m ethod of 

Snyder . T h is m ethod d e te rm in es  to ta l  le a d  in  th e  ur in e .

R e s u l ts

The v a lu e s  o b ta in e d  in  th is  s tu d y  fo r ALA and  le a d  in  u rine  a re  

show n in  F igu re  1 . The e x p e c te d  (normal) ran g e  o f eac h  com ponen t fo r 

p e rso n s  n o t o c c u p a tio n a l ly  ex p o sed  to  le a d  a re  in d ic a te d . For p u rp o se s  of 

c a lc u la t io n ,  th e  low er (normal) v a lu e s  fo r ALA w ere u sed  a s  i f  th ey  w ere 

due e n t ire ly  to  ALA; th e  re s u l t in g  c o rre la t io n  c o e ff ic ie n t i s  r  = 0 .3 3 .

F igure 2 show s th e  u rinary  ALA and le ad  v a lu e s  over tim e for each  of 

s ix  w o rkers w ho h av e  b een  fo llow ed  for a num ber o f m o n th s. U rinary  ALA 

and le a d  a re  se e n  to  v a ry  concom m itan tly  o v e r tim e in  th e se  w o rk e rs . Of th e  

m en s tu d ie d  in  th is  m an n er, one  (S ub jec t # 7 0 , F igu re  2) show s an a p p a ren t
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q u a n t i ta t iv e  d if fe ren c e  from th e  o th e rs  in  h is  u rinary  ALA-lead re la t io n ­

s h ip s .  .

D is c u s s io n

The d eg ree  o f d isp e rs io n  o f th e  re s u l ts  rep o rted  h ere  is  su ch  th a t 

no s in g le  l in e  or cu rve  is  th o u g h t to  be ju s t i f ie d  a s  p o rtray in g  th e  re la t io n ­

sh ip  b e tw een  ALA and le a d  in  th e  u rine  o f th e s e  w o rk e rs . I t i s  no t c le a r  

w h e th e r th is  d isp e rs io n  is  p rim arily  due to  in n a te  v a r ia b i l i ty  o f re sp o n se  o f 

in d iv id u a ls  to ab so rb ed  o rg an ic  le a d ,  to  d if fe re n c es  in  th e  co m p o sitio n  o f 

th e  TEL-TML m ix ture to  w h ich  in d iv id u a ls  w ere e x p o se d , to d if fe re n c e s  in  

th e  ex p o su re  /  no ex p o su re  tim e re la t io n s h ip s ,  to  dif fe ren c es  in  in te rv a ls  

b e tw een  ex p o su re  and sam p lin g , or to  o th e r p o s s ib le v a r ia b le  fa c to rs . 

B ecau se  of th is  d eg ree  o f d is p e rs io n , p re c is e  q u a n ti ta t iv e  com parison  of 

th e s e  re s u l ts  w ith  th e  re s u l ts  o th e rs  have rep o rted for ex p o su res  in v o lv in g  

in o rg a n ic  -lead^ '8 ,9 ,1 0  c an n o t be m ade. H ow ever, com p ariso n  o f su ch  

r e s u l ts  by s im p le  in s p e c t io n  (F igure 3) su g g e s ts  th a t a g iven  e le v a t io n  of 

u r in a ry  le a d  e x c re t io n  p ro b ab ly  is  a s s o c ia te d  w ith  a low er le v e l of u r ina ry  

ALA e x c re tio n  w hen  ex p o su re  is  to  o rg an ic  le a d  (TEL,TML) th an  w hen 

ex p o su re  is  to  in o rg an ic  le a d .  I t  is  no t c le a r  w h e th er th is  d if fe ren c e  m ight 

be re la te d  p rim arily  to  d i f fe re n c e s  in  c irc u m s ta n c es  o f ex p o su re  or to 

d i f fe re n c e s  in  m e tab o lism  (b io transfo rm ation ) o f the  d if fe ren t form s of le a d  

to  w h ich  e x p o su re  o c cu rred .

In  v itro  and  in  v ivo  s tu d ie s  by C rem er* 1 and in  v ivo  s tu d ie s  by
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B o lanow ska12 su g g e s t th a t TEL is  c o n v e r ted , a t  le a s t  in  p a r t ,  in  th e  body 

to  tr ie th y i le a d  and th a t  th is  la t te r  form of le ad  pro d u ces a d is tu rb a n c e  in  

c e n tra l  nervous sy stem  fu n c tio n  s im ila r  to  th a t o b se rv ed  in  in to x ic a t io n  due 

to  TEL. U nconfirm ed re s u l ts  by B olanow ska in d ic a te  th a t tr ie th y i le a d  m ay 

be e x c re te d  a s  su ch  in  u r in e  and  fe c e s  q u ite  s lo w ly and w ith o u t e v id e n c e  of 

fu r th e r d e g ra d a tio n  by th e  body . A p o rtio n  o f B o lano w sk a 's  w ork s u g g e s ts  

th a t  som e p a rt ( le s s  th a n  20%) o f ab so rb ed  TEL m ay be c o n v erted  d ire c t ly  

to  in o rg an ic  le a d  by th e  bo d y . T h is p o rtio n  of le a d p resu m ab ly  w ould 

b e h av e  in  a m anner p h y s io lo g ic a l ly  th e  sam e as  le a d d e riv ed  from in o rg an ic  

le a d  e x p o su re s , in c lu d in g  e f fe c ts  on porphyrin  m etabo lism  and u rinary  ALA 

e x c re t io n . This s u g g e s ts  a lso  th a t the  u rine  o f p e rso n s  who have ab so rb ed  

TEL c o n ta in s  o rg an ic  a s  w e ll a s  in o rg an ic  le a d .

In  v ivo  and in  v itro  s tu d ie s  by C rem er and  C a l lo w ay3-2 su g g e s t th a t 

TML m ay undergo a re la t iv e ly  s low  c o n v e rs io n  in  th e body to  (the more tox ic) 

tr im e th y l le a d . No e v id en c e  h a s  b een  rep o rted  to  in dic a te  w h e th e r or not 

som e p o rtio n  o f  a b so rb ed  TML m ight be c o n v erted  d ire c t ly  to  in o rg an ic  le ad  

w ith in  th e  body . The e x c re tio n  p roduc t(s) o f TML is (are) no t know n.

T here have b een  no s tu d ie s  re p o rte d  to  in d ic a te  w hat e f fe c t ,  i f  an y , 

t r ie th y i le a d  or tr im e th y l lea d  p e r se  m ight hav e  on porphy rin  m etabo lism  and 

h e n ce  on  u rinary  ALA e x c re t io n .

I t  is  im p o ss ib le  a t  p re s e n t ,  th e re fo re , to  a s s e s s  th e  re la t iv e  

im p o rtan ce  of TEL and  TML (and p o s s ib le  m e ta b o lite s  of th o se  com pounds:

HE 0018455
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t r ie th y i le a d , tr im e th y l lead  and in o rg an ic  lead ) in  p roduc ing  th e  d e v ia t io n s  

from norm al of u rina ry  ALA v a lu e s  o b se rv ed  in  th e  pre se n t s tu d y . F u rther 

in v e s t ig a t io n  m ust be done if  the  ro le s  o f th e  v a r io u s  com pounds m entioned  

a re  to  be  u n d e rs to o d .

An in c re a s e  in  u r in a ry  e x c re tio n  o f po rphy rins h as  no t b een  no ted  

fo llo w in g  ex p o su re  to  TEL^, in  c o n tra s t  to  th e  e le va t io n  found  fo llo w in g  • 

a b so rp tio n  o f in o rg an ic  le a d . The re s u l ts  of th e  p re se n t s tu d y  su g g e s t th a t 

po rphy rin  m etab o lism  is  a f fe c te d  a t  th e  ALA le v e l  (i . e . , p r io r to  th e  fo rm a­

t io n  o f po rphy rins) by a b so rp tio n  of one or th e  o the r (or p e rh ap s both) o f th e  

form s o f o rg an ic  le a d  (TEL,TML) inv o lv ed  in  th is  s tu d y .

S u b je c t # 7 0 , w h o se  u rinary  ALA:lead re la t io n sh ip  seem s to  d if fe r 

from th e  o th e r su b je c ts  in  th is  s tu d y  (F igure 2), works in  the  le ad  reco v ery  

(fu rnaces) a re a  o f th e  p la n t. H is  jo b  may e n ta i l  a g re a te r  p o te n t ia l  fo r 

e x p o su re  to  in o rg an ic  le a d  th a n ,d o  o th e r job  a ss ig nm e n ts  in  the  o rg an ic  le ad  

p ro d u c tio n  a re a . Th is s u b je c t 's  u r ina ry  ALA:lead p atte rn  is  q u a n t i ta t iv e ly  

q u ite  s im ila r  to  th o se  rep o rted  by o th e rs  fo r w o rkers ex p o sed  to  in o rg an ic  

l e a d ^ '8 '9 .  N one o f th e  o th e r fu rn ace  w orkers s e e n  during  th e  c o u rse  o f the  

p re s e n t s tu d y  e x h ib ite d  a s ig n i f ic a n t e le v a t io n  o f e i th e r  u rinary  le a d  or 

u r in a ry  ALA and th u s  do not fu rn ish  in fo rm ation  to  e v a lu a te  th is  p o in t more 

d e f in i t iv e ly . .

D e te rm in a tio n  o f ALA in  u r in e  h as  b een  co n s id e re d  by som e au th o rs 

to  be o f c o n s id e ra b le  v a lu e  in  the  ro u tin e  m on ito ring  o f w orkers ex p o sed  to

KE 0019459
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in o rg a n ic  le a d 1 , 1 4 , 1 5 . I t h as  b een  s u g g e s te d  th a t de te rm in a tio n  o f • 

u r in a ry  ALA, a  m easu rem en t o f b io lo g ic a l re s p o n s e , sho u ld  re p la c e  d e te r ­

m in a tio n  o f  le a d  in  b lood  o r u rine  in  th e  m on ito ring  o f w o rkers ex p o sed  to 

in o rg a n ic  le a d . Th is p ro b ab ly  w ould  be u n w ise  in  m ost c i rc u m s ta n c e s .

Blood and  u rin a ry  le a d  v a lu e s  no t on ly  s p e c i f ic a l ly id e n tify  and e s tim a te  

th e  m agn itude of th e  a b so rp tio n  o f le a d  by in d iv id ua ls  bu t a ls o ,  w hen 

c o l le c te d  s y s te m a tic a l ly  o v e r a  pe rio d  of t im e , can be o f g rea t u t i l i ty  in  th e  

a s s e s s m e n t  o f the  h y g ien ic  s ig n i f ic a n c e  o f ch an g es in  work p ro ced u res  and 

p ra c t ic e s  , equ ipm en t c h a n g e s , e tc .  ALA and le a d  d ete rm in a tio n s  supp ly  

d if fe re n t ty p e s  o f in fo rm atio n , bo th  o f w h ich  a re  ne ed e d  for th e  p roper
■ . ' _ t

e v a lu a t io n  o f m any s i tu a t io n s . The one is  com p lim entary  t o , bu t c an n o t 

re p la c e , th e  o th e r .

The p re s e n t s tu d y  in d ic a te s  th a t u rin a ry  ALA d e te rmin a tio n s  a re  of 

re la t iv e ly  l im ited  v a lu e  in  a  m on ito ring  program  w here th e  p o te n t ia l  for 

e x p o su re  is  p rim arily  to  o rg an ic  le a d  (TEL,TM L), due to  th e  re la t iv e  in s e n ­

s i t iv i ty  of th is  t e s t  under su ch  c i rc u m s ta n c e s . As can  be se e n  in  th e  group 

r e s u l ts  (F igure 1) and  in  re s u l ts  fo r in d iv id u a ls  (F igure 2 , S u b jec t #51 and 

# 1 0 1 ), le v e ls  o f u r ina ry  le a d  show n by long  e x p e r ien c e  to  in d ic a te  th e  

d e s ira b i l i ty  fo r re d u c tio n  o f ex p o su re  to  le a d  ( i .e.  , a c o n s is te n t  u rin a ry  lead  

le v e l  of 0 .1 8  m g/1 or more) m ay be a s s o c ia te d  w ith  le v e ls  o f u r in a ry  ALA th a t 

a re  w ith in  norm al l im i ts .  U n til and u n le ss  an  e x te ns iv e  backg round  o f • 

c l in ic a l  e x p e r ie n c e  con firm s th e  s a fe ty  o f th e  u s e  o f u rinary  ALA le v e ls  for

He  0018460



ALA and O rgan ic  L ead-----R obinson 10

th e  m ed ica l co n tro l o f w o rkers e x p o se d  to  o rg an ic  le ad  (TEL,TM L), th e  

p re s e n t s ta n d a rd s , b a se d  upon u rinary  le ad  v a lu e s ,  sh o u ld  co n tin u e  to  be 

u sed  in  su ch  co n tro l p rog ram s. The d e te rm in a tio n  of le a d  in  u rine  m ust 

s t i l l  be c o n s id e re d  to  be th e  m ost u se fu l lab o ra to ry  to o l in  th e  ro u tin e  

m e d ic a l m on ito ring  of .w orkers hav ing  a  p o te n t ia l  fo r ex p o su re  to  o rg an ic  

le a d  in  th e  form o f TEL and TM L.

As a  re la t iv e ly  e a r ly  o b je c t iv e  in d ic a t io n  o f a re sp o n se  to  th e  in ­

c re a s e d  a b so rp tio n  o f le a d ,  c o n s id e ra t io n  sh o u ld  be g iven  to  th e  d e te rm in a ­

t io n  o f u r ina ry  ALA a s  a  p a rt of the  m ed ica l m on itoring  of w o rkers h av in g  a 

p o te n t ia l  fo r ex p o su re  to  le a d  in  any form . In fo rm ation  o f th is  ty p e  shou ld  

be o f v a lu e  in long  term  c l in ic a l  and ep id em io lo g ica l s tu d ie s  and may be 

u se fu l  in  th e  e v a lu a tio n  of su ch  a d d it io n a l in d ic a tio n s  o f b io lo g ic a l 

re s p o n se  a s  m ay be d ev e lo p ed  in  th e  fu tu re .

In sum m ary, th e  p re s e n t s tu d y  show s th a t ab so rp tio n o f o rg an ic  le ad  

in  the  form o f TEL and  TML, as  in d ic a te d  by in c re a se d  u rin a ry  le a d  le v e ls ,  

is  a s s o c ia te d  w ith  an  in c re a s e  in  u r in a ry  ALA le v e ls .  The m echan ism  

th rough  w h ich  th is  e f fe c t is  p roduced  is  no t re v e a le d  in  th is  s tu d y . U rinary  

ALA d o es  n o t a p p ea r to  be a s  s e n s i t iv e  an  in d ic a to r o f a b so rp tio n  o f TEL and 

TML as  i s  u rin ary  le a d  and is  th u s o f a n c i l la r y , rath e r  th an  p rim ary , v a lu e  

in  th e  ro u tin e  m ed ica l m on ito ring  o f w o rkers h av in g p o te n t ia l  fo r ex p o su re  

to  th e se  forms of o rg an ic  le a d .
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