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Abst rac t  

Bromoform has been i d e n t i f i e d  as the  major halogenated organlc compound ,, 

. . ' 

. res .u l t i ng  from the  c h l o r i n a t i o n  o f  seawater. . To t e s t  the.  for 

b ioconcent ra t ion and subsequent r e t u r n  t o  man, 28-day uptake/28-day 

. depurat ion s tud ies  w e r e  conducted w i t h  f i v e  commercially and' rec rea t iona l  l y  . . 

. . . . 
impor tant  species (Protothaca -- stami nea, Mercenaria mercenaria, Crassostrea 

. v i r g i n i c a ,  Penaeus aztecus, B revoor t ia  tyrannus). The r e s u l t s  i n d i c a t e  

t h a t  f o r  these species, the  uptake and depurat ion i s  r a p i d  ( equ i l i b r i um  i s  

reached i n  24 t o  48 hours), and the concent ra t ion fac to rs  are r e l a t i v e l y  

low (< I  t o  10 t imes the  water concentrat ion).  
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Bromoform has 'been i d e n t i f i e d  as the major halogenated organic 

. . compound r e s u l t i n g  from the c h l o r i n a t i o n  o f  sea water1'*. To t e s t  the 

p o t e n t i a l  f o r  b ioconcentrat ions and. subsequent r e t u r n  t o  man, 28-day 

uptake/28-day depuration studies were conducted w i t h  f i v e  marine species 

. (Protothaca stami nea, Mercenaria mercenaria, Crassostrea v i  r g i  n ica,  . Penaeus 

aztecus, and Brevoor t i  a tyrannus). 
. ,  . , . . 
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,Methods and Mate r ia l s  . .  . 
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The t e s t s  w i t h  Protothaca staminea were conducted a t  the B a t t e l l e  

Marine Research Laboratory, Sequim, Washington, and those w i t h  M. - 
mercenaria, - C. v i . rg in ica,  - P. aztecus and B. tyrannus were conducted' a t  the - 

B a t t e l  l e  F l o r i d a  Marine Research Faci 1 i t y ,  Daytona ~ e i c h ,  ~ l o b i d a .  A. '  . . 

d ,escr ipt ion o f  c o l l e c t i o n  procedures, de l i ve r y  system, water ana lys is ,  and 

3 exposure system used i n  these t e s t s  has been described p rev ious ly  . 

F o r  t he '  - P. staminea t es t s ,  clams were exposed t o  t a r g e t  bromoform 

:concentrat ions o f  0 (cont ro l ) ,  1, .and 10 mg/l. Target concentrat ions o f  0 

(con t ro l )  0.1 mg/l and 1.0 mg/l were used i n  the t e s t s  w i t h  Crassostrea 

v i r g i n i c a ,  Mercenaria mercenaria, Brevoor t ia  tyrannus and ~eneaus aztecus. 

Sulrsar~rples were harvested on day 0, 1, 2, 4, 7, 14, 21, 28 nf the  uptake 

-.  phase and day ' . l ,  2, 4, 7, 14, 21, and 28 .o f  the depuration phase. and frozen 

i n  glass j a r s  fo r  1-ater analysis.  In some cases., morta l ' i ty  reduced the 

number ava i lab le  so t h a t  smal ler  sample groups were co l l ec ted  dur ing the.  

l a t t e r  phase o f  the t e s t .  



.' Ana lys i s  o f  t i s s u e s  . f o r  bromoform was done by  homogenizing t h e  t i s s u e  

i n  water  a t  0% and d i l u t i n g  w i t h  enough water  t o  o b t a i n  a  concen t ra t i on  o f  
- 

approximate ly  one gram o f  t i s s u e  p e r  10 m l  o f  t i s s u e  suspension. Ten t o  20 

m1 a l i q u o t s  o f  t h e  aqueous t i s s u e  suspension were e x t r a c t e d  w i t h  two 5 m1 

p o r t i o n s  o f  hexane c o n t a i n i n g  1, 3 -d i  bromopropane as an i n t e r n a l  standard. 

The m i c r o l i t e r  samples o f  t h 6  hexan& s o l u t i o n  were i n j e c t e d  i n t o  a  gas 

chromatograph f i t t e d  w i t h  an 18" Porapak Q@ column and a  63Ni e l e c t r o n  

cap tu re  de tec tor .  The column was operated i s o t h e r m a l l y  a t  185?C. The l i m i t  

o f  d e t e c t i o n  o f  t h i s  procedure was 0.5 ppb, and t h e  c o e f f i c i e n t  o f  v a r i a t i o n  
. . 

' .  

ranged. . . f rom 1% a t  t h e  1  t o  8  ppm 1  eve1 t o  . . 3% a t  1  eve1 s  be1 ow 0.1 ppm. 
. . . . .  . . . . .  . . 

. . . .  ' . ) .  . , . ? .  

. . .: . . . . 
. . . . .. . 

. . .  
. . 

- .-.;' Resu l ts  and D iscuss ion  . . 
-. .- . . .  . . . . . 

' The r e s u l t s  o f  t h e  t i s s u e  analyses a re  presented i n  Table 1  th rough 5. 

The average body burdens o f  bromoform on each ha rves t  da te  a r e  p l o t t e d  w i t h  

t h e  d a i l y ,  water  bromoform concent ra t ions  i n  F igures  1  th rough 15. 
. . .  . . . . 

It was d i f f i c u l t  t o  h o l d  t h e  water  bromoform concent ra t ions  w i t h i n  t h e  

, - d e s i r e d  t a r g e t  concent ra t ions ,  so t h e  average concent ra t ions ,  i n s t e a d  o f  

' t h e . t a r g e t  concent ra t ions ,  f o r  t h e  28-day exposure p e r i o d . a r e  l i s t e d  i n  . 

Table 1  th rough 5. However, i n  d iscuss ions  about concen t ra t i on  f a c t o r s  t h e  

body burdens a re  coi~ipared t o  t h e  watc r  concen t ra t i on  t h e  day o f  harves t .  

I n  general ,  t h e  t h r e e  mol luscan species, - P. staminea, - C. v i r g i n i c a  and 

- - M. mercengria' had t i s s u e  concent ra t ions  t h a t  were about equal t o  t h e  water  

concent ra t ions .  There were a  number o f  except ions t o  t h i s  g e n e r a l i z a t i o n ,  

t h e  must no tab le  be ing  the  h i g h  body concen t ra t i on  (11.59 mg bromoform/g 

t i s s u e )  found on day 14 i n  t h e  1  mg bromoform/l - C. v i r g i n i c a  t e s t .  The 



-.- 11.59 m g ' b r ~ m o f o r n / ~  t i s sue  i s  a concentrat ion f ac to r  o f  approximately 15, a 
- .- . , .- x-:.- .- .. 

f a c t o r  t h a t  i s  3 times .higher than any .other concentrat ion f a c t o r  observed 

f o r  the oysters.  However, t h a t  p a r t i c u l a r  oyster  and 3 o thersappear  t o  be 

. exceptions t o  the general t rend  o f  body burdens, being approximately the same _ _ .  

. - as water concentrat ions (Figure 1). A t  t he  0.1 mg-bromoform/l t e s t  condi t ion,  

t he  t i s sue  concentrat ions were c lose t o  the water concentrat ions on the day o f  
, . 

harvest. . 

Mercenaria mercenaria body burdens i n  the 1.0 mg-bromoform/l fo l lowed 

..the water concentrat ions dur ing.  the f i .rst week, bu t  then remained lower than 

the  water f o r  th.e,remainder o f  the exposure. A t  the 0.1 mg-bromoform/l the 

body burdens were s l i g h t l y  above the water concentrat ions but, i n  general, 

fo l lowed the  water l e v e l s  c l ose l y  except . f o r  a s i ng le  i nd i v i dua l  .on day 28. 

P. staminea t i s sue  concentrat ions a l so  were s i m i l a r , t o  the water - 
. . . . 

I 
. . , concen t ra t ions  on day o f  harvest. . . . .  . . . .. .. ..j 

' t  

Menhaden and shrimp were d i f f e r e n t  from the molluscs i n  t h a t  t h e i r  

. body burdens were hi.gher than the water concentrat ions a t  the 0.1 mg 
. . 

bromoform exposure condi t iorg and a t  the. 1.0 mg-bromoform/l they.were higher 

than the  water dur ing  the f i r s t  week, bu t  then f e l l  t o '  approximately the . . 

. water concentrat ion f o r  the remaining 3 weeks. The con t ro l  organisms a lso 

had s i g n i f i c a n t  l e v e l s  of bromoform i n  t h e i r  t issues dur ing  t he .pe r i od  when 
. ,  .. 

. . * $ 
bromoform was being i n t r oduced ' i n t o  the o ther  t e s t  systems: I n  fact., even $ 

< -. 
though Llie exposure systems were completely separate , ,a t  t imes there  were i 

* 

' ! 

measurable concentrat ions of brornoform i n  the con t ro l  systems. However, as , . 

. ' soon as use o,f bromoform i n  the o ther  systems was stopped, i t  disappeared 

from the cont ro ls .  ,It i s  apparent t h a t  the re  was s u f f i c i e n t  bromoform vapor 
. )_ i 

present i n  the a i r  t o  a l low some t o  enter  the c o n t r o l .  exposure systems. 
, I  

. ':! 
. i 

The pos t  exposure data, however, i nd ica tes  t h a t  the water 'and t i s s u e  l e v e l s  I 
L/ 



. ..._ of bromoform return to O and remain there. Therefore, the controls in these .. 

i. =.-.,.. 

tests'are actually serving as low concentration exposure systems. 

The average water concentration during the 28-day exposure of menhaden 
. . 

in the control system was 0.03- mg bromoform/l, a concentration ndt different 
. - -. 

. . from the 0.1 mg bromoform/l target test condition average of 0.04 mg 

bromoform/l. The same was true for the menhaden exposures where the control 

average bromoform concentration was .0.03 mg/l and the 0.1 mg/l target was 
. . 

0.05 mg/l. . . 

These data indicate that bromoform is taken up by these species but 

that the degree.of concentration is dependent on the individual, the 

species, and the water concentrations. For molluscs,. the general trend is 

for the tissue concentrations to be reflections of the water concentrations. I 

. , Menhaden and shrimp, .however, show a tendency to concentrate br.omoform, by a 
' ' i  factor of 3 to 50 above ambient water concentrations. However, there are . ' .  i 

. . I 
! 

also indications that at water concentrations above 0.1 mg/l, the body i 

t 
9 burdens decrease with time to a level of approximately 0.4' pg/g tissue, a i 

; ,body burden concentration similar to that found in organisms exposed to 
. . 

. . . > -  

, 'i 
1 ower water concentrations. , , 

, .  he testing for bioaccumulation of bromoform is very difficult 'because . , ' . I 

. . ' . i  
i 

of the problem associated with providing a precise concentration of 
. - .  

i .I 
bromoform in water for the 28-day exposure period. In addition, there are 

t 
t 

problems of vapor contamination of the control systems if the two'are a 

operated in the same room. Howe'ver, 'the results of the tests presented here . . . 

- indicate that for the mcrlluscs tested, the tissue concentrations will be a 
t 

1 
reflection of the ambient water concentrations, and that.menhaden and shrimp. a 

i 
i 

w i  11 concentrate br-u~~ioform up to a point, after which'there. appears to be a i ! 
I : 

maximum body burden that is maintained with time. Further testing is needed i 



.. . 
. . "._ 

-..-<.- .. . 
-?o determine where within the organism the bromoform is concentrated and the ' 

. . .factors that inf 1 uence its uptake. 
.. . 

. . - .. . . 
. . 

. . 
, _..- .. . 
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~ i ~ u r e  Captions 

. . . . 
. . 1. 'Water and t i ssue  concentrations of bromoform (Eastern oyster,  

. . 

. Crassostrea virginica,  28-day uptakel28-day,depuration studies . '  
. . 

- Target water bromoform concentration was 1.0 mgll. . . 

2.' Water .and t i ssue  concentrations ' of bromoform (Eastern oyster,  . . . . 

Crassostrea v i r g i  nica, 28-day uptakel28-day 'depurati on studies.  

Target water bromoform concentration . . was 0.1 mgll. . . .  
. . . ' .  . - 

. . . . . . . . . . 
. . . . 

3. Water and t i ssue  concentrations o f .  brompforrn-  astern oyster,  . 

Crassostrea virginica , 28-day uptake/28-day depurati on studies.  
.. . . Control. . . . . 

. . .-- 
. . . .. . . . . 

4. water and t i ssue  concentrations of bromoform (Quahaug , Mercenaria 

mercenaria) 28-day upta kel28-day depurati on studies.  Target water I 
I 

I .  . . 9 .  . . . < L  

bromoform concentration was 1 .0 mg/l . 

. . .  

" 5. Water and t i ssue  concentrations of bromoform (Quahaug, Mercenaria~ 
I j 

.mercenaria) 28-day uptakel28-day depuration studies.  Target water 1 
: . . . . . I  

bromoform concentration was 0.1 mg/l. 
. . , j  

. . I .  i i  . > .  

6. Water and t i s sue  concentrations of bromoform (Quahaug, Mercenaria 
1 

! 
i ' i 

mircenaria) 28-day uptake/28-day depuration studies.  Control. 

,> 

7. Watcr and t i ssue  concentrations o f  bromoform (1.i t t l  eneck clam, 

Protothaca staminea) 28-day uptake/28-day depuration studies.  

Target water bromoform concentration was 10 mgll. 



. . - 
. . , . - .- . 

'--8";"'-h-.Water and t i ssue  concentrations of bromoform (Li t t leneck clam, 

Protothaca stami nea ) 28-day uptakel28-day depurati on studies . 
. / 

Target water bromoform coricentration was 1.0 mg/l . 
. ,, 

_, _ _. - - ' 

, -- . . 
i 

9. Water and t i s sue  concentrations of bromo.form ( ~ i  t t l  eneck clan,  i 
I 

' .  I 
Protothaca stami nea) 28-day upta kel28-day depuration studies.  I 

I 
: I  Control. 

- : :'. 4 

10. Water and tissue' concentrations of bromoform (Menhaden ,, Brevoortia . t 
. . 

. . ' I 
i tyrannus) 28-day upta kel28-day depuration studies.  Target water . . . .  

.. . .. . , 

.. . 
bromoform concentration .was 1.0 mg/l . . . 

. . . . 

I 
. . . . 

1'1. Water and t i s sue  concentrations of tjromof orm (Menhaden, Brevoorti a 

tyrannus) .28-day,uptake/28-day depuration studies.. Target water . . 

. . 

. . bromoform concentration was 0.1 'mg/l. _ ..... 
. . . . . . 

. . . . . . 
.' . 

. . 

'12. Water and t i s sue  concentrations of bromoform (Menhaden, Brevoortia 

tyrannus) 28-day upta kel28-day depuration studies.  Control . . . . . 
. . 

13. water and t i s sue  concentrations of br6moform (Shrimp, Penaeus 

aztecus) 28-day uptakel28-day depuration . .- studies.  Target water 

bromoform concentration was 1 ..O mg/l . 
. ;I - 
. r /  

. .*  I j 
14. ~ a t e r  . and t i  s s i e  concentration of bromoform (Shrimp Penaeus aztecus) I 

f 

' . 28-day uptakel28-day depuration studies.  Target water bromoform 

concentration was 0.1 mg/l . 



- .-, 
1 l:----..Water and ,  t i s s u e  c o n c e n t r a t i o n s  o f  bromoforn (Shrimp, ~ e n a e u s  a z t e c u s )  

28-day uptakel28-day depura t ion  s t u d i e s .  Control . 



- .-.:__ .. . 
- - , -  TABLE J I. Bromoform Concentrat ion in each Test Organi srn for 

Eastern; Oyster (Crassostrea virginica) (vgjg tissue- 
w e  weight) .. 

i 

. . TABLE 2: Brornoform Concentration in each ~ e s t  Organism f o r  ~ u a h a q  
(Nercenaria mercenari.l) (pg/g tissue-wet weight) 

. ri:~rure . - . . 
. Concencr~tlon (Wl) Tank I 2 ,  4 7 ' 14 . 21 : 23 

.%o ~ ~ r b . s a - o l e  lo;: 
- Ib or-)ml$-sr rr.telninq due to e w l l e r  mrcel l ty 

--.. -- 



. . 
. . . ..- 

'- . 
- .-~ . .- i.B TABLE . .3f: Average (31) 'Body Burden and standard Deviation (S.D.) 

. . : .  f o r  Littleneck Clam (Protothaca staminea) (pg/g t i s sue -  
wet weight*). . . . . '. . . 

&w+v;r 8 m h o  . . 2 4 7 14 21 m 
Cs?orbre 1 

J I  T J " ~  , A 3 p 9 & Y ............................. 
_. .. - . . . 

. . 
1 . .  ; ' . I 3  . '  0 .  .so -01 . .o t . o  ytl - -03 .IS . -- 

so.  1.0, . I  t - 0 3 '  5-07. t.02 t .03 '.. 
. . 

raplt . - 2 a 9.94 5.59 13.65 4.08 2.22 2.05 1.08 

S.D. '. 12.16 e l . = ,  .*4.81 6 7  t1.05 2.40 2-10 ' .. 
19 @ d l  . 3  tt.14 17.63 38.05 37.29 n.os 2 4 . ~ 5  14.25 . 

. . S.0. r4.w 22.30 6 . 3 5  7  ~3.35 17-30 *7.32 

'... OEPC?Ur1m . . 

bwi. (i) b d y  &err, and Stdndrrd kv ta t ton  (5.0.) 
. . .. . . k q / g  tsssucrec *.l')rt) 

h & ~ ~ m  W ~ a ? o m  . 1 2 4 7 I4 21 ' 18 
. . t r p s u r c  . 

Q l y m t r a e t a  tan* b -,,,-- 3 A n p L ( 0 A ---'-------------------- 

. ' O w l '  I 0 0 0 0 0 I 0 . 0  

Range - Z. v a l u s  only' 

- .  
. . . . 

" ?  . . 
. % 

. , TABLE ,. 4. Brornofon Concentration in  each Test Organism f o r  
Menhaden (Brevoorti a tyrannu s) (bg/g t issue-wet, 
weight) . 

e' So-6cr 
t i  org,"lms rvalnln.) due to  c r r I l c r . = r t r l l t j  . 
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ta;urws 

bm*s:ra:lom (Wl) Tank 6 2 .  . '4 1 '  14 . 21 28 1 --_--- S A M P L E .  D A Y - O E P U R A T f O X - - - - - - - - - -  
. . . . 

t 
0.b 1 0.00 0-m a c o  

0 

. . ... ' . -  . . . *  0,cQ . 
0.0, 0.00 0.00 0;m ' 0.00 - 0:co . a* 6.00 z ; 0.09 0.01) 0.00 0.00 

0.00 0.CO 

. , .  
9 b w l e  cot' p&:ersed 

h m l e  Lo:t . . . . 
0. organ(= -lnlng duc, to  ea r l i e r  mrb l l t ) .  . . . . . . 

. . 
. . . . . . .  . . . . . . . .  

. . . . . . 
-. 



--==+!- 

I r l D l V l  DUAL ORCAIIl St#\ ' TISSUE CO:!CL'IIRATIOI'J 

AVEPAGE TISSUE C0P;CEtJTRATION 
FOR SAit\PLE DAY ' 

24  - . . 
. . 

. . - WAER CONCEF5RATIO>I 

IrlDIVICUAL O R C ~ ? J I  St,\ . . 
I, 

1 1  SSUi COZ:CEKTP.ATIO:I 
20 - . . .  

--- AVEPACE T I  SSUE COiXCEPCFRATlON , 

FOX SNJPLE DAY . . 
. . tIUUBEO OF READIEIGS AT THAT 

16 - . . ') VALUE , 
. . 

. . 

. . 

.L2 - . . 
. . .  . . 

. ' .  . . ... 

. . 
0.8 - . ,  . 

. . 
. . .'. x . . . . 

I I .. 
0 4 16 - 20 24 23 : 4 8 28 

DAY k 
/ '  

. . .  . . 
FIGURE ?; ~ a t e r  and t i s sue  concentrations of bromoforrn (Eastern oyster ,  

. 1 
Crassostrea v irq i n i c a )  , 28-day uptake/28-day d e p u r a t  ion studies.  
Target water brornoforrn concentration was 0.1 mg/f. I 

1 1  - ' 



. . 

2 4  - 1 - WATER CONCVIIRATIOS 

. . t INDIVIDUAL ORGAN1 SiA. 
TISSUE COXCEECIRATION 

20 - -- AVERAGE TISSUE CO~:CG~RATIO~J 
FOR Skq,1PLE DAY 

HU:ABER OF READIPiGS AT THAT . 

16 - 

, 1 ~ 1 ~  '., I , I 
20' 24. 2 8 ' .  4 8 . "5 

DAY . 

. .- . . 
-\-. --..-,--- ; - - 

\ 
\ 24 - . . 

. . . .  
. . 6 - WATER CO!:CEtK RATIOS 

2 0 "  . . . ci .*, . . 
INDlVl DUAL ORGAN1 5241 

. . . . .  i2 a JISSUE CWXUKRATIO~ .. . VI 

. . . .F . , .  --- AVERACETISSUE CO:JCEMI?ATION 
' z L 6 -  .FOR Skq6\?E DAY . 

. z .  
u'  . . lI!JL\3ER OF R3DII ' IGS A'T THAT 
.e.: 
0 . . 'I' ' VAWZ . . - . . .  . . - LZ-, . . . . .  

. . f . . 

. '3 .. . . . . ' .  . .. . . : !i. as- . . 
. '. - 

I m . . .  . 

. . 
h4 - . . 

I . . 
. x  aQ) 

0) . . - 0) *. 0) 01 . , Oi. . , I 1 I I ,  

0 2 . :  n 

FIGURE 4-. Water and t i ssue  concentrations of brornoform (Quahauy , k r c e n a r i  a . Y -- 
mercenaria) 28-day uptake/23-day depura ti  on studies. Target - 
water brornoform concentration was 1.0 rng/R. 
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FIGURE 5;.  Water and ' t i s sue  concentrations of bromoform (Quahaug, 
. Mercenat-ia mercenaria) 22-day uptake/28-day depuration 

studies.  Target water  brornoform concentration was 0.1 mg/K. 

.\ 
, '?, 

r 

22- 

, . . . 
a "' 

2 zO- 
.V )  . 
. F :  
.a- .'- . 
0- 

..S 16 

. C 
. - 0  ' :  - 
.3 L2- 
3 

. . 

FIGURE 6.'. . Water and t i s sue  concentrations of bronloforrn (Ouahaug, - 
Mercenaria mercenaria) 28-day uptate/28-day depurat ion - 
studies.  Control. 
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FIGURE .$ Water and t i s s u e  concentrations of bromoform ( L i  tt leneck 
clam, Protothaca staminea) 28-day uptake/28-day ... depurat ion 
studies- Control. 

FIGURE 10: Water and t i s s u e  concentrat ions of bromoform (Kenhaden, 
Brevoortia tyrannus) 28-day uptake/28-day depurat  ion s t u d  i 
'rarget water bromoform concentratibn was 1.0 rng/f. 
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FIGURE :l3. - Water and tissue, concentrat  ions of brornofbrn (shrimp, 
Penaeus aztecus) 28-day uptake/28-day depurat  i on s tud ies .  
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FIGURE 14:' !later and tissue conc in t r a t  ions o f  bromoforrn (Shrimp, 
Penaeus aztecus) 28--day vptake/28-day depura t ion  s tud ies .  
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