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INTRODUCTION 

Chlorinated Ci-Cj hydrocarbons are mostly used as solvents and some, e.g. viny 

chloride and vinylidene chloride, in the production of plastics (PVC). Methyl 

chloride has been used as a refrigerant. Fluorine-containing chlorinated hydro 

carbons are still utilized as refrigerants and as propellants, e.g. in spray 

cans. Some of the C3 compounds, e.g. allylic chlorides, are used as chemical 

agents and as pesticides. 

Chlorinated compounds have been known for a long time. 1,2-Dichloroethane, for 

instance, was synthesized as early as 1795 by Dutch chemists and was therefore 

called "Dutch Oil". Chloroform was first synthesized in 1839/1840 and in 1847 

used as inhalation narcotic by Simpson. Due to their chemical and physical 

properties i.e. high lipid solubility, high volatility and suitable boiling 

points and due to their cheapness che technical use of these compounds has 

increased enormously since about 1930 (1). 

General Toxicology 

The acute toxicity of chlorinated hydrocarbons is characterized by narcotic 

effects. The high lipid solubility of these compounds leads to a rapid passage 

of the blood-brain barrier. After absorption of high doses signs of narcosis 

appear quickly. Death during this early stage of intoxication occurs by 

paralysis of the respiratory center. There is a pronounced effect on the heart 

particularly on the "stimulation conduction system" with typical sensitization 

against catecholamines which leads to arrhythmia and ventricular fibrillation. 

For these reasons the administration of catecholamines is contraindicated in 

cases of intoxication with chlorinated hydrocarbons. Lower doses can lead to 

fatigue cephalalgia and, in particular after chronic action, to uncharacteris

tic psycho-neurotic disorders. These effects can be caused by the substances 

themselves or by their metabolites. 
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Some of chu chlorinî tc•d compounds cause typica] lesions of cho parenchyTi-i 

especially choc of che liver but -ilso che kidney. 

The mecabolices are mainly responsible for che latcer effect, and for the car

cinogenic accivicy of some chlorinaced hydrocarbons. 

Metabolism and specific toxic effects of chlorinated hydrocarbons: 

1. Cl-compounds 

The Cl-compounds are bioactivated by monooxygenases {MO) according i.o che 

following scheme: 

MO 

CCl, >«CCl3 + CI

MO O 
11 

CHCI3 > HO-CCl? > C l - C - C l + HCI 
I 

< 0 > C l 

MO HO - H C I 
I 

C H 3 C I 2 > C l - C H > H C = 0 > H C I + CO 
I I 

<0> C l C l 

MO A I D H 

CHjCi > HiCaO > HCOOH 

<0> <0> 

Tecrachloromochane is accivaced via "reductive -etabolisrp". One of che C-Cl 

bonds is cleaved homolytically and an electron is transferred to che 

chlorine atom. The resulcing crichloronechyl radical is responsible for rl-.e 

toxic effeccs of terachloromechane. It can produce furrher radicals and 

"reactive oxygen species" and it induces lipid peroxidation, cci, causes 

cencrolobular adiposis hepacica, cirrhosis and necroses of chd; liver, nariaĝ ; 

cf che kidney parenchyma can lead co anuria. 

Chloroform is also subject to reductive metabolism. In che oxidative T.eca-

bolism of HCCI3 the highly reactive and coxic phosgene is forT.5d-

In che mecabolism of mechylene chloride, carbon monoxide is forned. Higher 

level exposure to CH1CI2 can therefore lead co CO-hemoglobin formation. 

Methyl chloride is metabolized via formaldehyde to Cor.nic and. It can 

produce degenerative damage in the central nervous sysce.-n. 

2. C2-compounds 

Saturated vicinal halogenated compounds can be activated by two differc-'nc 

bioactivation mechansinis. 

MO OH -HCI O 
I ^ 

a ) C l C H i - C H z C l > CICH3 - C - C l > CICH3 -C 
I \ 

< O > H H 
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C1CH2 -CHJCI + GSH ClCH:-CHISO + HCI 

Pathway a) yields chloroacetald-ihyde which can be responsible for coxic and 

genotoxic effects. Vicinal halogenated hydrocarbons can form glutathione 

monoconjugaCt-'S. They are of cho mustard gas cype and are extremely reactive. 

The high toxicity and the carcinogenic effeccs of che vicinal halogenaCed 

hydrocarbons probably depend on chis bioaccivation mechansim. 

The -etabolism of crich]oroethylene is presented as an example of the bio

transformation of chlorinaccd echylenes. The underlined compounds have been 

found as metabolites in urine. 

CI3CCOOH CUCCHjOH ^ ^ ^ " ^ ' " y CUCCH,0-qlu 
3 * transfcracc 3 i ^ 

- H ,0 
- ^ CI2CHCOOH 

NH-CH2-CH2-O — phoshotidyl 

OM OH 
C U I l ^C I 

C - C 
H " 18) ^ 0 

phosphatidyl/ 
raduction 

X ^ hydrolysis 

H O ' " "OH " i i l o ' i o n 

0 0 

w 
H Cl 

HO-CHj-C 
-CHj-CHj-OH 

Tn the case of cri cli lor̂ -chyl&nr;; n: lerach 1 oroechy lene chore is, in addition, 

another possible accivacion !nf:chanisn which is probably responsible for tht* 

carcinogenic effeccs of chese compour-.ds in che kidney. 
H e l a b o l i c pa thwa^ f i o l t n c h l o r o e t h y l t n * 

H ~H - H 
Cyitcm 

kidney 

^ • I r a t a i 

cor i inoqcmci ty 

nutagenici iT - K I 
— L " J 

NHt,*^ • CH3COCOOH 

Formaricn of c y i t « i n a d d u c l ^ 

The cysteine adduce is cli.̂ aved by |i-lyasGs in the kidney, the unstable SH-

adduct (in brackets) and its degdncracion or rearrangement compounds are 

presuiDably the species responsible for the cytocoxic, mucagenic and carcino

genic effeccs. 
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Carcinogenicity of the Cl- and C2-compounds 

All chlorinated Ci- and C:-hydrocarbons arc carcinogenic or suspected of 

bf,'iiig carcinogen ic, except 1,1, 1 -cr i chloroeChane (mo thyl chlorof orm) . 

CJ-compounds 

OC the C3-chlorinated hydrocarbons only 1,2-dichloropropane has importance 

as solvent, especially in Italy. Metabolism and toxicology of the saturated 

compounds aie similar to that of the saturated C;-compounds. 

Oi che unsaturated C3-substances, allylic chlorides are of particular inter-

euc. Allylic compounds with suitable leaving groups are directly mutagenic 

(without m;..'C-ibol ic nccivation) and genotoxic and they Corm adducts wich DNA-

components; so.̂ t-; of them are carcinogenic. As an example, che metabolic 

scheme of 2,J-dicliloro-1-propene is presented. Besides having direct geno-

coxic acciviiios, allylic compounds can also be bioactivatod to further 

mucagenic and carcinogenic metabolic incermediaces. 

-CH-COOH 
N-C-CH3 

S-(2-Cl-?-pcoponyl)n>wcaplurtc acid 

(CPM) 

CH,-C-CM,C1 
I 

^ 0 ^ 0 O H COOH 0 COOH 
• CH;-"(;-CHjCl f g o r r o n y m g n t , C I - C H ^ - C - C H ^ - O ^ ^ ^ ^—* CH j -C -N-C-CH j -S -CH j -C -CH^ -S -CH j -C -N-C-CH j 

Cl H H H 6 

1.3-(2-pfopanone)-bis-S-{N-ocety1 cysleine) 
(PDM) 

9' U D P - D -
CHj-C-CHjOH glucuronic acid 

COOH Cl 
%-CH^-C-CH2 

P-cNofOOllyl alcohol (2-chloroallyl alcohol) glucuronide 

CH,-C-C^, 

Metabolic pathways of 2,3-DCP 2-ch.oroacryiic ocki 

Chlorinaced Cj-compounds concaining oxygon require special consideration 

because some cf them belong to che group of scrongest known mutagens and 

carcinogens. Kpichlorohydrin CH:-CH-CH; -Cl is used as reagent in the forma

tion of epoxide plastics and is mutagenic, genotoxic and carcinogenic. 1,3-

dich loropropar.-2-ol was found in instanc soups and certain soup spices. Ic 

is mucagenic and carcinogenic. 1,3-dichloropropan-2-one (1, 3-dichloroace-

conc) is a rr.i-tabt.lice of 1 , 2-dichloropropene, TC was found in drinking and 

baching wacer and in waste water from chlorin*^ bleached paper pulp. It is a 

strong mucag.vn and carcinogen. 2-chioroacrolein CH3-HCI-CHO is also found in 

wacer, is carcinogenic and one of the strongest mutagens in S.typhimurium 

TAIOO. 

The bis-( 1-chl:-.-oalViyl ) ethers are extrtiTnely powt^rful carcinogens. 
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