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Many of ttn 'dassKaT environmental pollutants are chlorinated compounds and great ^forts tiave tieen made to reduce 
Die usa and emission of such compounds. The restrictions for several of ttiese substances are now reflected In decreasing 
levels of ttiem in tlie environmert 

Less ftterest lias been paid to li ie brominated substances, protialiiy d u e u kmer use volumes and ttie kncwiedge of ttie 
more iatiee bond between bromine and cartxxi as compared to ttiat tietween chlorine and cartxm. 

Bond Bond length (pm) Homol diss energy (kl moT )̂ 
Primalkyl Aryl PiimaHtyl Aryl 

C - H 
c-a 
C - B r 

Table i . A comparison of some physical properties of C-X txinds. 

Recent data, however, indicate that an Increased use of some tirominated aromatic substances rxw results in increasing 
levels of t h ^ in ttie environmenL This paper wiD review some infomiation on biogenic and anttiropogenic brominated 
compounds and ttie scan» amount of data of ttie latter in our environmenL Much of tlie avaiable knowledge can be foimd 
in a monography of Bromine Compounds (1) and in a proceedings from a Workshop on Brominated Aromatk; Flame 
Retardants (2). 

NATURALLY-OCCURRlrre BROMINATED COMPOUNDS 

Many blogenh: cocnpounrls containing txomine have tieen described tioth "m terrestrial and aquatic environiTients, tiut Uiey 
seem to tie much more cominon in ttie marine environment. This is explained by the chemical composltnn of sea water 
\vtiers ttieiB Is as much bromine as cartxm. Tlie concentratun of ctikxine is about 500 times t^gtier but tiiere seems to be 
fewer chlorinated species than brominated present in organisms. The explanalkm of this is probatiiy that ttie enzymes 
involved in synthesis have to oxidize the halide k ia a process wtiich needs much Ngtier energy for ttie chloride than for tlie 
bromide tons. 

One o( ttie smaller brominated organic mdecvies produced in the oceans is txomcfonn and the yearly amount escaping 
up to ttie atmosphere tias been estimated to be between 500 000 and 1 000 000 metric tonnes. A numtier of ottier 
brominated hydrocartxms, adds and ketones wtUi low molecular weights have also been identified. 

Polytialogenated terpenes, both acydc and cycHc, are also common tn some algae. In this case txKh chlorine and txomine 
are often found on ttie molectJes. 

A great numtier of brominated aromatk; compounds have been identified In marine organisms such as algae, sponges, 
womi$ and microorganisms. A few examples of ttie suggested structures are given in Figure 1. In some species of algae 
ttie bromine content is 2.4 mg per g tissue wt ik^ corresponds to an average of 2-5 tiromlne atoms In every lipid molecule 
wittiin ttie organism (3). S e v ^ "pre-dioxin' structures have tieen descrBied but not ttie coiresponding dioxins. 
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l,8,s-Trlbronio-3,4,7-rrichIoroocta-1,&<lieoe 2,4,$-TrttJflxnoptKnol 

2-HydrDxy-2',3^',S-tetrabroinodlr>lieiiy1«ttier 

Figure 1. Some biogenic brominated compounds. 

MAN-MADE BROMINATED COMPOUNDS 

The work) productton of bromine seems to be rattier constant or slightly Increasing. Tbe estimated productton volumes were 
309 000 tonnes In 1976 and 388 000 tonnes in 1984 (4). 

•The malor use of bnOTinated oxnpoijnds has for a tong time been as petroleum addaives. Equimolar amounts of dichloro-
(EDO) and dlbromoahane (EDB) are added to leaded gasoline to take care of ttw lead as halWe salts. During ttie comtxEtion 
In tt* enone a number of both cHorinated and brominated spedes. Including dtoxhs and furans. are fonned (5 - 7) and 
22-44 % of ttie bromine In ttie exhaust gases are tound m organte compounds (8). Tbe decreasing use of leaded gasoflne 
decreases ttie demand for EDB as couW be seen in ttie US several years ago (Flgi»B 2). 

Bromine - US demand pattern 

1,0. 

FtgureZ Use of brominated compounds in the USA during ttie period 1976-1986. 
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The decreased use of bromine in petroleum seems to tiave been balanced by ottier applications. One such application is 
kl flame raardants. oUiers are for piiarmaceutksals. pesticides, dyesluffs and photographic chemicals. 

"the ctilorinatton of water produces, in parallel with chlorinated species, some short chained Ixominated hydrocartmns if 
bromide is present. The most common product is twomoform and in a Swedish nuclear power plant, using cooling water 
from the sea, an emission of about 250 tonnes per year has tieen estimated (9). Some voiatie brominated substances aro 
used as fumjgants. DihKxnochkxoprapane and EDB have been used pravkiusty b t t ttiese are lianned today in several 
countries and now metiiylbromide is used (about 12 000 tones per year in US, 1989) 

Halon is the common name for some tirominated stiort ctiain compounds used in fire extinguistierB. Tatile 2 gives the 
formulas, production volumes and ozone depletion factors (ODF^ for ttie three most common Halon compounds. The ODR 
values are ttie relative effect on tiie ozone layer in the stratospttere compared with ttiat of CFC 11. The Halon gases also 
contribute to the "gneen-house" effect 

Compound Halon 1211 Halon 1301 Halon 2402 

Formula 
Production 1986 (metric tonnes) 
Ozone Depletion Potential 

CFjOBr 
IOOOO 

3 

CFjBr 
14 000 

10 

C/,Br, 
1 000 

6 

Table 2. The most common Halon compounds, their formulas, worid productton 1986 and ozone deplet'ion factor 
(ODP). 

A great number of txominated (compounds have tieen used as tiiocides, several of which are analogues to well known 
chlorinated substances. In Figure 3 there is an example c* this in tiie tirom'ine analogue to DDT, txjt tfiere are also quite 
different structures such as ttie synltietk; pyrettiroUs dettamethrin 

An increasing amount of brominated prodix:ts are used as flame retardants as can tie demonstrated by the consumption 
in Japan, wtiere "it has Increased from 2 500 tonnes 1975 to 22 100 tonnes 1937 (10). Mainly potytxominated aromatic 
compounds are used and some of ttie more common structures are shown in Figure 3. 

2.Z'.4,4*.5,5*-Hexa!>n)fnobiphtnyl 

1,1-BIc(4-bromoiJhenyl)-2,2-(fichk)roettianc 

(Br-ODT) 

Bls-2,2-(3,S-dIbromo-MiydraryJpropat« 

(Tetrabronib(spliefl04.A] 

2.Z'A«',5J>«iubnjmodii>henyl eitier 

Figures. A few examples on man-made tirominated organic compounds. 

In teceni years several studies have demonstrated fonnation of brominated dioxins (PBEX)) and furans (PBDF) wtien some 
of tfie brominated flame retardants are heated (11-13). Especially the formation of PBDF from PBDE seems to tie efiiciem 
and yields up to 30 % liave tieen reported. "Ttie opt'unum temperature region seems to tie 400 - 600 "C, tiut already at lower 
temperatures ttie reactions have been otiserved. 
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ENVlRONI^Er^AL LEVELS OF MAN-lJlADE BROMINATED COMPOUNDS 

Production of bromoform in the bleaching of paper pulp results In elevated levels of this compound downstream from these 
Industries. The compound has in fact tieen used to foUcw the spreading o( these omissions in ttie environment. The most 
volatie compounds will of course be distributed mainly to Uie atmosphere rapidly. 

As forthe chlorinated compounds, Uie llpophlic brominated substances w i cause special environmental pn^Wems due to 
btoaccumUattoa This puts Uie brominated aromatic compounds into focus. As was described atiove the main application 
of this group is as flame retardants. Close to production and user sites thase have been found both in sediment and 
biological samples (14). 

The development ot new analytical techniques have made It possible to detect organic brominated compounds with a high 
specificity and sensitivity. The chromatograms In Figure 4 represent the brominated compourxis in an extract of a Sea Eagle 
sample. The extract had been treated with concentrated sulfuric add so a great deal ofttie blogente substances have been 
removed. UnJortunately Uie methoddogy used does not give much information of ttie identity of the separated compounds 
so the Identificatton Is very difTicult. So far a numtier of the trominated flame retardants (PBDE and PBB) have been found 
in ttie sample and also in aB other samples analyzed for these substances. Analysis of different levels in a sediment core also 
indicates ttiat the concentrations are increasing (14). 

"E-t^t—yEiLElMijEi 

,n/z 79 

UAA ^ . _ ...̂ JLA -. 

vjuSJuLJji 

Figure 4. Sas chromatographic/mass spectrometric analysis of a Sea Eagle sample from the Baltic. The Uiree 
oaves describe ttie negative ions m/z = 79, 80 and 81, where 79 and 81 represent the bnsmlde ions 
formed from ttie brominated substances (15). 

The txofninated dbenzo-f^dioKins and furans have been found i i dty air arxJ snow samples but, to my knowledge, not In 
any Wdogical samples so far. Some brtiminated pdyaromaUc hydrocarbons have also been found m air samples but the 
exad stnjctures of ttiese are not yet known (16). 

BIOLOGICAL EFFECTS OF BROMINATED COMPOUNDS 

Some of the naturally-occurring brominated compounds are used as chemical weapons by the organisms and thus have 
btdoglcal effects. A relation between total amount of bnomine metabolites and antimicrotilal acttvlty has also been 
demonstrated (3). 

An accident In Michigan kl 1973 started a study d pdybromlnated aromattc compounds (17). Atxiut 450 kg d a flame 
rtterdant based on pdylirominated biphenyls (PBB) was mixed Into cattle feed whtoh was ttien dlstn"buted to fanns 
throughout the state. About 34 000 cattle. 1 500 000 poultry and several thousand swine and sheep were killed. The main 
component d ttie Aame retardant was a hexatiromobiphenyl, but a numljer d ottier PBB congeners were found in the 
product The studies revealed that the effects d PBB seems to be very like ttie effects d PCB. The 3,3',4,4'-s»ijstiluted 
congeners wittiout or witti one ortho-sutistituent are most pdent, induce 3-nidhylcholarthrene-type microsomal enzymes 
and Weraa »«h the TCOO receptor. Another parallel wttti PCB Is ttiat congeners with vicinal hydrogen, especially in 3,4-
posSions, are more easly metatxilized. An actton level from the auttiorities in the state was m 1977 set to 0.02 ppm (fat 
weight basis) In mik and meat 

In a recent assessment d brominated diphenyl ethers the US EPA found that there were no data available for environmental 
effects d PBDE (18). High doses d decatiromodiphenyl ettier to rats have shown some evidence d catcinogentelty. The 
same compound dWnt show any malformattons in fetuses d rats given up to 1000 mg/kg on gestation days 6 - 1 5 . 
Increased xenoliiotic metabolism was the result d penta- arxJ octabromodiphenyl ether at a dose d 0.78 md/kg/day to 
rats during 90 days. These results have been ttie base for the ADI suggested by US EPA which are 0.031 mg/day/70 kg 
for Uie pentabromohomdogues. the value for octabromodiphenyl ether is 0.043 and for decabrximodiptienyl eUier 0.7 
mg/day/7D kg. 
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There aresome studies on effects d PBDD/F, especially regarding enzyme induction pdency, described in ttie tteiature. 
me results indKate Bie same mechanisms as for PCDD/F even If ttiere are d"iffaronces In magnitude 2.3 7 s-TefiDD is 
reported to have between 10 and 108 % d ttie AHH induction dfect Uie TCOD (19,20). Some results indicale sionTicanUv 
higher potency fac «ie2A7-TtB0O Ban far tt»conBspon*ig<«oiinecomtMuid. 

CONCLUSION 

Our knowledge d ttie bronwialed organic compounds is limited b d Indicates that we can axped behaviours and properties 
alike ttie corT^pond'ng cHortnated sitstances. Vile also know Uiat some d ttie anttiropogenic brominated compounds 
are present In ttie environment. In some cases al Increasing levels. This must alert us to be carefii vntti ttie use d some d 
ttiese substances and try to find safer altematives. Thb is ttie only vray to avoid new-PCB and dtoxin problems. 
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