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ABSTRACT 

Blood samples from 157 employees o f  two metal-working p lan ts  which make 
extens ive use o f  degreasing so lvents  l i k e  t r i c h l o r o e t h y l e n e  (TRI), t e t r a -  
c h l  oroet  h y l  ene (TETRA), and 1 ,1 ,1-tri c h l  oroethane (1,1,1-) were analyzed f o r  
so lvent  content as we l l  as t o t a l  ch loroform (CHC1 underived p lus  derived) 
l e v e l .  A t  one p l a n t  where an a i r  contamination pro%lem was suspected, 85% o f  
t h e  workers had t race  ( l e s s  than 1 ppb) t o  q u a n t i f i a b l e  amounts o f  one o r  more 
of t he  above mentioned so lvents  and t o t a l  chloroform l e v e l s  up t o  2000 p a r t s  
per  b i l l i o n  (2  ppm). The average ch loroform value f o r  t h i s  group was 190 ppb, 
almost e i g h t  t imes the c u r r e n t l y  accepted value fo r  the general populat ion o f  
Dade County, F lo r i da .  When the  c i r c u l a t i n g  CHC13 was d iv ided i n t o  underived 
and der ived components by a mass-spectrometric technique, i t  was determined 
t h a t  between 75% and 90% o f  the  ch loroform was being derived from a precursor, 
presumably t r i c h l o r o a c e t i c  ac id  (TCA), a known metabol i te  o f  both 
t r i c h l o r o e t h y l e n e  and te t rachloroethy lene.  A few res iden ts  l i v i n g  several 
m i l e s  from the  p l a n t  o f  concern were sampled and found t o  have t o t a l  
ch loroform l e v e l s  s i m i l a r  t o  those found f o r  many o f  the i nhab i tan ts  o f  Dade 
County. 

1. INTRODUCTION 

Assessment o f  worker exposure t o  v o l a t i l e  ch lo r i na ted  so lvents  by analy- 
s i s  o f  blood plasma can be complicated by a number o f  i n t e r r e l a t e d  phenomena 
inc lud ing :  ( a )  accumulation o f  the l i p o p h i l i c  so lvents  i n  f a t t y  t issue,  pos- 
s i b l y  even bra in ,  ( b )  cons iderably  r a p i d  exc re t i on  o f  i n s p i r e d  vapors by the 
lungs, ( c )  r e a c t i v i t y  o f  the so lvent  w i t h  other cons t i t uen ts  o f  t he  blood, ( d )  
conversion o f  t he  parent compound (so l ven t )  i n t o  corresponding metaboli tes, 
one o r  more o f  which may y i e l d  other ch lo r i na ted  so lvents  as a r e s u l t  o f  t he r -  
mal decomposition, and (e )  var ious sampling and sh ipp ing parameters which may 
g r e a t l y  a f f e c t  t he  i n t e r p r e t i v e  phases and s t a t i s t i c a l  work-up o f  t he  studies. 

Nevertheless, widespread exposure o f  workers t o  a l a rge  v a r i e t y  o f  ch lo r -  
i n a t e d  so lvents  has made it imperat ive f o r  i n d u s t r i a l  hyg ien i s t s  and residue 
chemists t o  q u a n t i f y  blood-plasma l e v e l s  of compounds such as chloroform 
( CHCl3), tri c h l  o roe thy l  ene (TRI ) , t e t r a c h  loroethy lene (TETRA) and 1 ,l ,1-tri - 
chloroethane ( l , l , l - ) .  The l a t t e r  three so lvents  are comnonly used i n  de- 
greas ing and d r y  c leaning operations; i n  f a c t  i t  was e a r l y  work w i t h  a small 
group o f  d r y  cleaners t h a t  l e d  t o  the  s tud ies discussed here in (1) .  
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Among the  d r y  cleaners examined, one who worked main ly  i n  the  room where 
garments were dipped i n t o  te t rach lo roe thy lene  had a t o t a l  ch loroform l e v e l  o f  
6000 ppb w i t h  an accompanying TETRA value o f  2300 ppb. A worker who spent 
o n l y  p a r t  o f  each day i n  the d ip  room exh ib i ted  3000 ppb CHC13 and 800 ppb 
so lvent .  Two other  cleaners who made occasional t r i p s  t o  the d i p  room and 
otherwise worked as spot cleaners had respec t i ve  t o t a l  chloroform/TETRA values 
o f  350/100 ppb and 300/150 ppb. 

The determinat ion of blood-plasma l e v e l s  o f  chlorocarbons i s  not always a 
s t ra igh t fo rward  a n a l y t i c a l  process. For example, both TRI and TETRA are con- 
ve r ted  by hepat ic  enzymes i n t o  t r i c h l o r o a c e t i c  ac id  (TCA). Moreover, TCA i s  
the rma l l y  decomposed i n t o  ch loroform which i s  normal ly  present i n  the  c i r c u -  
l a t i n g  blood as a r e s u l t  r e s u l t  o f  ea t i ng  and d r i n k i n g  foods and beverages ( 2 )  
con ta in ing  the  tr ihalomethane o r  one o r  more o f  i t s  precursors. I n  order t o  
make the  exposure assessments repor ted herein, i t  was necessary t o  employ a 
mass-spectrometric method by which underived CHC13 and the rma l l y  der ived 
CHC13 ( f rom TCA) could be d i f f e r e n t i a t e d .  

2. OBJECTIVES OF RESEARCH 

The primary purposes o f  t h i s  i n v e s t i g a t i o n  were to :  

a. 

b. 

C. 

d. 

e. 

f .  

Apply p rev ious l y  developed methodologies f o r  determining human 
blood-plasma l e v e l s  o f  v o l a t i l e  halogenated organic compounds t o  
samples taken from occupa t iona l l y  exposed i n d i v i d u a l s .  

Demonstrate whether o r  not  blood l e v e l s  o f  halogenated so lvents  f a l l  
d u r i n g  non-working per iods (days o f f ) .  

Compare blood l e v e l s  o f  ch lo r i na ted  so lvents  i n  workers o f  two d i f -  
f e r e n t  p l a n t s  performing the same types of work but  possessing d i f -  
f e r e n t  a i r  cond i t i on ing  systems. 

Determine what blood-plasma l e v e l s  o f  ch lo r i na ted  so lvents  can be 
expected as a r e s u l t  o f  chronic  exposure t o  a i r  concentrat ions which 
r a r e l y  exceed 2% o f  the NIOSH recommended threshold l i m i t i n g  values 
(TLV's) suggested f o r  t he  var ious v o l a t i l e  compounds. 

Compare the  worker l e v e l s  w i t h  those o f  t he  surrounding c i t i z e n s  and 
values obtained f o r  o ther  non-occupational ly exposed populat ions.  

D i f f e r e n t i a t e  i n  a sub-set o f  the samples how much o f  t he  ch loroform 
as detected by the  gas-chromatographic procedure can be considered 
present as CHC13 i n  the  bloodstream and how much must be consider- 
ed der ived from t r i c h l o r o a c e t i c  ac id  o r  another CHC13 precursor .  

3. EXPERIMENTS 

Blood samples. were c o l l e c t e d  v i a  venipuncture by q u a l i f i e d  medical per- 
sonnel and stored under r e f r i g e r a t i o n  pending ana lys i s  according t o  publ ished 
p ro toco l  (3). Q u a n t i f i c a t i o n  o f  blood-plasma l e v e l s  o f  ch loroform and other  
chlorocarbons was aecompl ished by t h e  gas-chromatographic procedure described 
i n  3.1 below. D i f f e r e n t i a t i o n  between der ived ( f rom TCA v i a  TRI and TETRA) 
and underived CHC13 was according t o  the  mass-spectrometric method given i n  
3.2. Solvent 1.1.1-trichloroethane d i d  no t  y i e l d  t r i c h l o r o a c e t i c  ac id  o r  
ch loroform from e i t h e r  metabolism o r  thermal decomposition. 
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3.1 Gas-Chromatographic Q u a n t i f i c a t i o n  Procedure 

Q u a n t i f i c a t i o n  o f  t he  chlorocarbon so lvents  present i n  the blood samples 
was accomplished by fo l l ow ing  the published gas-chromatographic procedure (3)  
o f  Peoples, Pfaffenberger, e t  a l .  As discussed i n  the above-cited a r t i c l e ,  
t h e  method, which was based on the e a r l i e r  purge/trap/desorption methodology 
o f  B e l l a r  and L ichtenberg (4), r e a d i l y  allowed q u a n t i f i c a t i o n  t o  one pa r t  o f  
so lvent  per b i l l i o n  p a r t s  o f  blood serum ( 1  ppb), w i t h  a standard dev iat ion o f  
- + 15%. During c o l l a b o r a t i v e  work w i t h  Pierson and coworkers (5)  o f  the Re- 
search T r i a n g l e  I n s t i t u t e ,  Research T r iang le  Park, it was establ ished t h a t  the 
var iance o f  dup l i ca te  specimen analyses by t h i s  method was 5.76 w i t h  a c o e f f i -  
c i e n t  o f  v a r i a t i o n  of 17.7%. Moreoever, r e p l i c a t e  analyses over t ime o f  a 
b lood specimen pool i nd i ca ted  t h a t  no degradation ( lower ing)  o f  the chloroform 
va lue  occurred du r ing  a 10-week storage i n t e r v a l .  

The a n a l y t i c a l  procedure invo lved heat ing the specimen i n  the presence of 
an ant i foaming agent wh i l e  purg ing the  v o l a t i l e  organic chemicals from the 
s o l u t i o n  us ing a f l ow  o f  i n e r t  gas, usua l l y  n i t rogen.  The purged compounds 
were d i r e c t e d  t o  an adsorbent t r a p  o f  Tenax GC. A f t e r  completion o f  the 
purge/ t rap period, v o l a t i l e  analytes were the rma l l y  desorbed from the adsor- 
bent  t r a p  t o  a gas-chromatographic column which was temperature programed t o  
maximize r e s o l u t i o n  o f  t he  var ious components. This  procedure i s  appl icable 
t o  t h e  q u a n t i f i c a t i o n  o f  over 25 v o l a t i l e  halocarbons, bu t  dur ing t h i s  inves- 
t i g a t i o n  on ly  11 were o f  i n t e r e s t :  ch loroform (CHC13); e thy lened ich lo r i de  
(DCE); l , l , l - t r i c h l o r o e t h a n e  ( l , l , l - ) ;  carbon t e t r a c h l o r i d e  (CCl4); bromodi- 
c h 1 oromethane (BDCM) ; tri ch lo roe thy l  ene (TCE ) ; d i bromochloromethane (DBCM) ; 
bromoform (CHBr3); t e t rach lo roe thy lene  (TETRA): chlorobenzene (ClBz); and 
v i n y l i d e n e  c h l o r i d e  (VCD). Inasmuch as o n l y  CHC13, TRI ,  TETRA and l,l,l- 
were detected du r ing  these studies, zero l e v e l s  o f  the other  7 compounds were 
n o t  inc luded i n  Tables 1 - 5. Other v o l a t i l e  organic compounds which may be 
q u a n t i f i e d  by t h i s  procedure include: methylene ch lor ide,  cis-1,2-dichloro- 
e thy lene , t rans -1  ,2, -d i  ch lo roe thy l  ene , e t h y l  i dene ch l o r i  de , x l o r o b r o m o m e t h -  
ane, 2,3-d73Ero-l-propene, cis-1,3-dichloro-l-propene, trans-1,3-dichloro- 
1-propene, e thy lene d i  bromi d e T D B ) ,  1,l , 1 ,2- te t rachloroethaneY l -ch lorohex-  
ane, acetylene t e t r a c h l o r i d e ,  pentachloroethane, 3-chloro-l-bromopropane, hex- 
achloro-1,3-butadiene and 1,4-dichlorobutane. 

3.2 Mass-Spectrometric D i f f e r e n t i a t i o n  Procedure 

To d i f f e r e n t i a t e  between c i r c u l a t i n g  (underived) CHC13 and c i r c u l a t i n g  
t r i c h l o r o a c e t i c  ac id  (TCA) i n  the bloodstream o f  workers exposed t o  TCA, TRI  
and/or TETRA, the  blood plasma was the rma l l y  decomposed i n  the  presence o f  80% 
D 0 ( 6 ) .  Under t h e  experimental cond i t i ons  employed, the  decomposition o f  
TEA passed through t h e  format ion o f  t he  t r i ch lo romethy l  carbanion, CCl3-, 
which abst racted a deuterium atom 80% o f  t he  t ime t o  form CDC13. I n  20% o f  
t h e  ex t rac t i ons ,  CHC13 formed v i a  proton e x t r a c t i o n  from water, so a 20% 
c o r r e c t i o n  was necessary t o  b e t t e r  i n d i c a t e  t h e  amount o f  underived ch loro-  
form. (The plasma sample was no t  f reeze -d r ied  because the  underived ch loro-  
form would have been l o s t  dur ing t h i s  step o f  the a n a l y t i c a l  procedure.) 

W i t h i n  t h e  mass spectrometer, CDC13 molecules gave r i s e  t o  a major pos- 
i t i v e l y  charged fragment, CDC12+, w i t h  m/z = 84. The major corresponding 
i o n  (CHC12+) from CHCl  occurred a t  m/z = 83. From the  r e l a t i v e  abun- 
dances o f  t he  two ions ?plus the  aforementioned 20% c o r r e c t i o n  f o r  t he  f rag-  
ment a t  m/z = 83), t h e  amount o f  der ived ch loroform ( f rom TRI  and TETRA) was 
c a l c u l a t F d  (6) .  S h i f t s  ranged from 75% t o  90% as discussed below. 
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4. ANALYTICAL RESULTS 

Analyses o f  samples have been summarized i n  Tables 1 - 6. 

Table 1. Blood Plasma Chlorocarbon Levels  (ppb) o f  Some 
O f f i c e  Personnel Working a t  P lan t  A 

SAMPLE CHCl3 TR I TETRA lylyl- 

1-a 

2-a 

1-b 

2-b 

3-a 

147 
175 

150 
400 

366 

T *  
T 

T 
T 

T 

T 
T 

O *  
T 

22 

T 
T 

3 -f 
3 -m 

300 
250 

270 

600 
420 

463 

T 
T 

6 
7 

4-a 

4 - f  
4 -m 

5-a 0 0 

T 
T 

5 -f 
5 -m 

6-a 

6 -m 

7-a 

6 -f 

800 
720 

207 

400 
290 

252 

9 
7 

7 -f 
7 -m 

520 
500 

282 

790 
460 

100 

T 
T 

T 
T 

0 

T 
T 

20 

8-a 

8 -m 

9-a 

8 - f  

9 - f  
9 -m 

285 
350 

235 
25 

T 
T 

T 
T 

10-a 
10-c 

T 
0 

0 
0 

* A va lue o f  T s i g n i f i e s  a t r a c e  < 1 ppb detected 
** A va lue o f  0 s i g n i f i e s  not a t r a c e  was detected 
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Table 2. Blood Plasma Chlorocarbon Levels (ppb) 
of a Small Group of Workers in Plant A 

SAMPLE CHCl3 TR I TETRA l,l,l- 

1 48 
2 36 
3 10 
4 13 
5 100 
6 110 
7 18 
8 38 
9 43 

10 9 

3 
3 
0 
0 
5 
2 
3 
2 
3 
0 

O *  3 
0 3 
0 0 
0 0 
0 2 
0 2 
0 2 
0 2 
0 3 
0 2 

11 36 3 12 6 
1 2  19 0 0 T ** 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 

19 
75 

370 
18 
13 

100 
190 
140 

880 
200 
530 
500 

25-a 340 
25-b 410 

26-a 950 
26-b 1,150 

0 
2 
4 
0 
0 
4 
2 
2 

5 
0 
T 
0 

4 
3 

10 
12 

0 
0 
0 
0 
0 
0 
0 
0 

2 
T 
3 
3 

2 
3 
4 
2 
3 
3 
4 
2 

0 
3 
0 
7 

0 2 
0 3 

0 23 
0 19 

27-a 1,885 4 0 0 
27-b 1,965 7 0 0 

* A value of 0 signifies not a trace was detected 
** A value of T signifies a trace < 1 ppb detected 

For this investigation the gas-chromatographic (GC) method of Peoples, 
Pfaffenberger and coworkers (3) was applied to 187 blood samples, often run in 
duplicate or trip1 icate; and the mass-spectrometric (GC/MS/DS) procedure of 
Pfaffenberger, Briggle and Peoples (6)  was utilized for 21 analyses. The 
methods appear applicable to a wide range of concentrations of solvent resi- 
dues. When a very high level of solvent is discovered in a particular sample, 
the sample volume is conveniently adjusted downward. Most of the blood sam- 
ples were obtained from people who were working around degreasing operations. 
Blood level s of chloroform, tri chloroethylene, tetrachloroethylene, and 1.1 ,l- 
trichloroethane were anticipated. It should be recognized that in no instance 
were Plants A and El violating NIOSH recomnended TLV values for the latter 3 
solvents. In fact, according to air monitoring records, neither plant ever 
exceeded 2% of the recornended TLV's for any of the solvents; so the findings 
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Table 3. Blood Plasma Chlorocarbon Levels (ppb) 
of a Group of Workers at Plant B 

SAMPLE CHCl3 TR I TETRA l,l,l- 

1 10 O *  0 0 
2 30 0 0 0 
3 5 0 0 0 
4 15 0 0 0 
5 64 0 0 0 
6 11 0 0 0 
7 8 0 0 0 
8 15 0 0 0 
9 10 0 0 0 
10 10 0 0 0 
11 7 0 0 0 
12 52 0 0 0 
13 21 0 0 0 
14 13 0 0 0 
15 13 0 0 0 
16 7 0 0 0 
17 31 0 0 0 
18 7 0 0 0 
19 8 0 0 0 
20 5 0 0 0 
21 10 0 0 0 
22 14 0 0 0 
23 10 0 0 0 
24 14 0 0 0 
25 45 0 2 4 
26 52 0 2 0 
27 47 0 0 2 
28 22 0 0 0 
29 36 0 0 0 
30 6 0 0 0 
31 8 0 0 0 
32 138 0 2 5 
33 72 0 9 16 
34 61 0 4 7 
35 40 0 0 10 
36 550 0 17 18 
37 155 0 5 22 
38 32 0 4 2 
39 6 0 0 3 
40 78 0 7 6 

A value of 0 signifies not a trace was detected 

of the investigation fall within the domain of currently acceptable blood- 
plasma levels of solvents (solventemia) resulting from chronic exposure to 
volatile chemicals in a workplace setting. 

Table 1 summarizes the first analyses performed on workers located at 
Plant A. Samples 1-a, 1-b, 2-a, 2-b, 3-a, 4-a, 5-a, 6-a, 7-a, 8-a, and 9-a 
were collected from office personnel not located within the plant but in a 
room adjacent to the facility and utilizing the same air-conditioning system. 
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Table  4. Blood Plasma Chlorocarbon Levels  (ppb)  
o f  a Large Group o f  Workers o f  P l a n t  A 

SAMPLE CHCl3 TR I TETRA l,l,l- 

I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

36 
10 
13 
100 
110 
18 
38 
43 
9 
36 
19 
19 
75 
370 
18 
13 
100 
190 
140 
30 
12 
100 

1,500 
300 

1,000 
200 
22 
20 
11 
12 
46 
800 
310 
18 
70 
10 

275 
58 

250 
18 

1,600 
26 

400 
410 
33 
95 
105 

3 
0 
0 
5 
2 
3 
2 
3 
0 
3 
0 
0 
2 
4 
0 
0 
4 
2 
2 
2 
0 
1 
7 
3 

15 
2 
1 
2 
3 
2 
3 
4 
0 
2 
0 
2 
0 
4 
0 
1 

15 
3 
4 
3 
3 
3 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
a 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
0 
0 
2 
2 
2 
2 
3 
2 
6 
T ** 
2 
3 
4 
2 
3 
3 
4 
2 
2 
1 
4 
6 
2 
0 
3 
2 
2 
3 
2 
4 
2 
7 
2 
1 
2 
6 
1 
3 
2 
8 
3 
2 
4 
4 
0 
2 

49 500 3 0 6 
50 28 1 0 3 

* A va lue o f  0 s i g n i f i e s  not a t r a c e  was detected 
** A value o f  T s i g n i f i e s  a t r a c e  < 1 ppb detected 
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Table 4. Blood Plasma Chlorocarbon Levels  (ppb) 
o f  a Large Group o f  Workers o f  P lan t  A (continued) 

SAMPLE CHCl3 TR I TETRA l,l,l- 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61  
62 
63 
64 
65 
66 
67 
68 
69 

500 
35 
30 

305 
44 
17 
68 

190 
35 

225 
1 7  
57 
15 
12 
47 
18 
38 

2,000 
390 

O *  
1 
1 
0 
0 
4 
2 
1 
2 
T ** 
0 
0 
0 
0 
3 
1 
2 

22 
6 

8 
11 
0 

4 
2 
1 
3 
0 
0 
0 
2 
7 
2 
0 
0 
1 
0 
0 
0 
0 

14 
3 

70 16 1 0 0 
7 1  12 3 0 0 
72 100 3 0 2 
73 11 3 0 0 
74 10 4 0 0 
75 225 4 0 0 
76 25 3 0 0 
77 325 3 0 1 
78 30 3 0 3 
79 515 3 0 5 
80 225 1 0 2 

* A va lue o f  0 s i g n i f i e s  not a t race  was detected 
** A va lue o f  T s i g n i f i e s  a t r a c e  < 1 ppb detected 

Traces t o  q u a n t i f i a b l e  amounts o f  T R I ,  TETRA, and l,l,l- were found i n  a l l  o f  
t h e  p a r t i c i p a n t s ;  and values f o r  t o t a l  CHC13 ranged from 100 t o  463 ppb. In- 
asmuch as these l e v e l s  were considerably  h iqher  than any found dur ing several 
years o f  study o f  t he  general populat ion i n  and around Dade County, F l o r i d a  
(7 ) ,  7 o f  the pa r t i cpan ts  agreed t o  be re-sampled on both F r iday  a t  the end o f  
t h e  workweek ( 3 - f  through 9 - f )  and aqain on the  f o l l o w i n g  Monday (3-rn through 
9-m) before r e t u r n i n g  t o  work. For 6 o f  the 7 pa r t i c i pan ts ,  t h e  blood-plasma 
l e v e l  o f  CHC13 f e l l  between 4 and 42 percent. P a r t i c i p a n t  10 went on a 
2-week vacation t o  a p r i s t i n e  (c lean a i r )  environment a f t e r  donatinq sample 
10-a. A t  t he  end o f  h i s  vacat ion h i s  CHC13 res idue  l e v e l  had f a l l e n  from 235 
ppb t o  25 ppb, the genera l l y  accepted average f o r  our s tud ies centered around 
Dade County, F l o r i d a  (7) .  

Sampling continued a t  P lan t  A (Table 2 ) .  Th is  group consis ted o f  20 ran-  
domly chosen p a r t i c i p a n t s  (samples 1 - 20), 4 workers who had been p rev ious l y  
s tud ied (samples 21 - 24), and pregnant workers who were sampled tw ice  (samples 
25-a - 27-b). Traces t o  q u a n t i f i a b l e  moun ts  o f  TRI, TETRA, and l,l,l- were 
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Table 5. Blood-Plasma Chlorocarbon Levels  (ppb) o f  C i t i zens  Non-Occupationally 
Exposed t o  Chlor inated Solvents But Residing Only a Few Mi les Away 
Frnm Plant. A 

SAMPLE CHCl3 TRI TETRA 1.1,l- 

1 10 O *  0 0 
2 12 0 0 0 
3 53 0 0 0 
4 26 0 0 0 
5 7 0 0 0 
6 28 0 0 0 
7 16 0 0 0 
8 18 0 0 0 
9 9 0 0 0 

10 20 0 0 0 

* A va lue o f  0 s i g n i f i e s  not  a t race  was detected 

Table 6. Percent Derived and Underived Blood-Plasma Chloroform i n  Selected 
Samples as Determined by  a Mass Spectrometric Method 

SAMPLE DERIVED FROM SOLVENTS UNDERIVED (FROM DIET)  

1-6-f * 90 % 10 % 
1-9-f 87 % 13 X 

2-25-a 85 % 15 % 
2-27-a 89 % 11 x 
4-01 79 % 21 % 
4-09 80 % 20 % 
4-15 88 % 12 % 
4-21 82 % 18 % 
4-24 88 % 12 % 
4-26 88 % 12 % 
4-27 90 % 10 % 
4-32 78 % 22 % 
4-33 88 % 12 % 
4-34 89 % 11 x 
4-39 75 % 25 % 
4-46 78 % 22 % 
4-49 89 % 11 % 
4-52 78 % 22 % 
4-55 79 % 21 % 
4-62 80 % 20 x 
4-67 77 % 23 % 

** Range: 
Aver age : 

75 - 90 % 
83 % 

10 - 25 % 
17 % 

* F i r s t  number r e f e r s  t o  previous tab les;  r e s t  o f  numerals and l e t t e r s  r e f e r  
t o  samples w i t h i n  the  t a b l e  i nd i ca ted  

** Range and average data ca l cu la ted  f o r  Table 4 values o n l y  
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found i n  93% o f  t h i s  group. The 4 o f f i c e  personnel had CHC13 values ranginq 
from 200 ppb t o  880 ppb, and the  3 pregnant o f f i c e  workers had respec t i ve  
average CHC13 l e v e l s  o f  375, 1,050 and 1,925 ppb. Exposure appeared r e l a t e d  
t o  a i r  i n take  o f  the a i r  cond i t i on ing  system. 

Samples were next c o l l e c t e d  from another locat ion,  P lan t  B (Table 3 ) .  On- 
l y  30% o f  the 40 randomly sampled workers had q u a n t i f i a b l e  l e v e l s  o f  TETRA and/ 
o r  l,l,l- i n  t h e i r  bloodstream. No t r i c h l o r o e t h y l e n e  was detected; and values 
f o r  t o t a l  ch loroform ranged from 5 ppb t o  550 ppb. 

The data from Plant  B workers suggested t h a t  t he re  was a problem p e c u l i a r  
t o  P lan t  A. An add i t i ona l  80 samples were randomly c o l l e c t e d  from i n d i v i d u a l s  
f a l l i n g  i n t o  most o f  the poss ib le  j o b  categor ies o f  P lan t  A. Trace t o  quant i -  
f i a b l e  moun ts  o f  TRI, TETRA, and l,l,l- were found i n  85% o f  t h i s  group. To- 
t a l  ch loroform values ranged from 9 ppb t o  2,000 ppb w i t h  an average value o f  
190 ppb. I n  81% o f  t he  samples con ta in ing  100 ppb o r  more CHC13, e i t h e r  TRI 
o r  TETRA o r  both were a lso detected dur ing the  same analyses. The average 
C H C l  va lue  f o r  t he  15% o f  t he  workers who had no other  c h l o r i n a t e d  so lvent  
i n  t i e i r  blood was 26 ppb, a l e v e l  e s s e n t i a l l y  equal t o  t h e  moun t  we genera l l y  
regard as average f o r  c i t i z e n s  o f  Dade County ( 7 ) .  

Ten c i t i z e n s  who l i v e d  several m i l es  from P lan t  A b u t  were not  employed 
the re  were sampled and analyzed f o r  comparison purposes. As i nd i ca ted  i n  
Table 5, no one i n  t h i s  group had TRI, TETRA, o r  l,l,l- i n  h i s  bloodstream. 
The average ch loroform l e v e l  f o r  t h i s  group was 20 ppb, 20% lower than the ac- 
cepted value f o r  t h e  general populat ion o f  Dade County (7 ) .  

GC/MS/DS methodology ( 6 )  was appl ied t o  21 o f  t h e  samples o f  P l a n t  A work- 
ers .  Table 6 cross-references these samples t o  values given i n  Tables 1, 2, 
and 4. Thus, sample 1-6- f  i n  Table 6 i s  sample 6 - f  o f  Table 1; sample 2-27-a 
i s  sample 27-a o f  Table 2; and sample 4-27 i s  sample 27 o f  Table 4. 

Samples analyzed according t o  the GC/MS/DS procedure were from workers 
known t o  be exposed t o  e i t h e r  t r i ch lo roe thy lene ,  te t rachloroethy lene,  o r  both. 
On a percentage basis, between 10% and 25% o f  t he  ch loroform value was unde- 
r i v e d  from a t r i ch lo romethy l  carbanion precursor and probably was present as a 
r e s u l t  o f  d i e t a r y  consumption. Between 90% and 75% o f  t h e  ch loroform was ap- 
p a r e n t l y  der ived from some precursor, presumably t r i c h l o r o a c e t i c  acid. Th i s  
suggested than an average o f  83% o f  t he  body burden o f  ch loroform i n  b lood 
plasma was r e l a t e d  t o  occupational exposure, most probably  v i a  i nha la t i on .  It 
was s t r o n g l y  suggested t h a t  t he  a i r - cond i t i on ing  i n t a k e  be f a r  removed from the  
so lvent  vapors cons tan t l y  present i n  the  main p o r t i o n  o f  P lan t  A, bu t  no 
f u r t h e r  sampling was possible. 

5. CONCLUSIONS 

Employees working around degreasing so lvents  such as t r i ch lo roe thy lene ,  
t etrachloroethylene, and l , l , l - t r i ch lo roe thane  o f  t e n  have quant i f  i able moun ts  
o f  solvents i n  t h e i r  b lood even when the  a i r  concentrat ions o f  these v o l a t i l e  
organic compounds do n o t  exceed f e d e r a l l y  imposed maximum leve ls .  I n  c e r t a i n  
circumstances, o f f i ce ,  personnel i n  c lose p r o x i m i t y  t o  so lvent  use may a lso ex- 
h i b i t  solventemia r e s u l t i n g  from chronic  exposure t o  organic vapors. Every e f -  
f o r t  must be made t o  assure t h a t  f r e s h  a i r  i n t a k e  i s  from an uncontaminated a i r  
supply. By use o f  gasckromatographic techniques, blood-plasma solvent  l e v e l s  up 
t o  several thousand p a r t s  per  b i l l i o n  may be detected i n  c h r o n i c a l l y  exposed 
workers. Mass-spectrometric methodology u t i l i z i n g  deuterium ox ide a l lows d i f -  
f e r e n t i a t i o n  between t h e  de r i ved  and underived chloroform. To ta l  blood-plasma 
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CHC13 l e v e l s  i n  c h r o n i c a l l y  exposed workers may be e igh ty  times higher than 
those o f  t he  general populat ion, bu t  the r e s u l t i n g  hea l th  e f f e c t s  are unknown. 
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