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I. ENTRODUCFfON 

LaurentL, in 1833, obse~ed-ihat w;tx-Iike materids result f’cm the reaction of 
ctrlorine with naphthaiene in th+esence of &x&in catalysts. Almost 50 yeari later, 
these chforination &dudti were kih~r studied by Fisch& aad, &c+y~&et 1900, 
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AylSwo~W-~ patented the use- df chjorjnated naphthalenes for impregn&ng w&d 
paper, textiles and other- materi&.“Cldorin&~d n+@&& &axes first b&e <of 

importance during WoAd Wzir I as profective -coating materials; par&!a$y in 
Germany. fn Germany, several &!ms fooL np .‘tbe &o&ctibn .:of ~~y&lo~%ated 
naphthalenes (PCNs), including Chemische Fabrik Griesheim Elektron, which used 
its SO-C&Xi El-n2 y2xcS t0 inl~regnaie p2F-X i&ys in g&s-masks. 

To-day, well known series of PCN% in&de the %Mowaxes, Nibren wajcesand 
Clonacires (see Section Xl), for ~which a variety of uses has been suggested related 
to their electrical, flame-re’adant and fungus-resistant properties, stabihty and. 
compatibility with other materials. The physical and chemical properties of PCNs 
and polychlorinated biphenyls (PCRs) are rather sir&r, and PCNs are manufactured 
for uses analogous to those of PCBs. As is now weil known, PCBs are widespread arid 
persistent industrial pollutants of the envirormzent, and so are PCNs. Unfortunately, 
little information is available on the world-wide production of PCNs. .&cording to 
one source6, in 1956 the output of PCNs in the U.S.A. was about 3500 short tons, 
while the present total world market for PCNs has been estimated at “. . . probably 
less than 800 tons”‘. The production of PCNs has also been claimedB to be at feast 
10 7; of that of PCBs, which has be&estimated9 at 33,OtIlO and 13,Clo metric tons for 
domestic sales of Monsanto’s Aroclors only, in 1970 and 1952, respectively*. 

Prior to this review, Fishbeinr” and Shermal’ discussed the analysis of PCNs, 
and Kimbroughl” wrote an extensive survey of toxicoiogjcal aspects of PCNs and 
similar compounds. Much technical information can be derived from an early paper 
by Hardie6 and from manufacturer’s bulIetins1’~14. Recently, KoverLS published a 
comprehensive environmentaI hazard assessment report on PC&_ 

Ii. SYHTHESIS 

1. PCIL’ nrixtuies 

Commercially-available mixtures of PCNs are aenerahy produced6 by chlori- 
nat& naphthalene with chlorine gas in the presence gf CCI. 0.5 wt.-% of iron or 
antimony(V) chJoride_ Chlorination is begun at 80” and the tempe;-ature is slowly 
increased as the reaction proceeds. IXn?ing the process, the mixture is agitated con- 
tinuously. When the desired pour-point has been reached, the chlorinated product is 
neutralized by stirring it in the molten state with aqueous alkali solution, washed with 
water and fiqahy dried under vacuum. It should be noted that as chlorination proceeds, 
there is an increasing tendency towards the. formation of products -of simultaneous 
substitution and addition of.chlorine. Thus, if chlorination is continued beyond the 
octachloronaphthalene stage, at temperatures above 200” in the presence of iron(IIl) 
chloride, four additional chlorine atoms can be readily introduced; sinurhaneously, 
liberation of carbon tetrachloride and transformation of the naphthalene ring system 
occur’6: 

octachl~ioAphtlt2lene PerchIoroindatie .~ .- 1 

* The large decresse in output after 1970 was due to vol&tary restriction by Morna& of s&s 
of PC3s essentialiy to uses in closed systems. 
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._. . . 
~h@m3fiacturers of PCNs produce series of materials appropriate to the vzrious 

ases to ditch the substances are to be put_ En this section, the commerci&y available 
products are exemplifikd by reference to four such series. 

(a) Ha~owaxes -. 
Rappers Co. (Pittsburgh, Pa., U.S.A.) markets” a large series of !ight- 

colonred PCN mixtures under the trade-nanit Halowax. These products range from 
a liquid ivith a melting point of -333O to a mfxtirre qxGi.ining ca. 90 % of octachIoro- 
naphthalene and melting at 185”. Inforniation regarding the composition of the 
Halowaxes is presented in Table 1; their main physical and chemical properties are 
summarized.in Table 2. 

TABLE I 

APPROXIMATE QMPOSLTIONS (WT.-%) OF HALOWAXES 

HalorvaA- 

T-i- Terra- Pet?ta- 

._ 

HeXa- Hepta- Octa- 

1031 95 
1050 60 2 
1001 10 40 .40 10 
1039 10 40 40 10 
1013 10 50 40 
1014 20 40 40 
1051 10 90 

Halowaxes 2141 and 2148, not mentioned in these tables, are special-purpose 
blends for use in the electrical industry. 

These materlais, produced” by Bayer (Leverkusen, G.F.R.) and formerly by 
LG. Farbenindustrie, are crystalline solids with a chlorine content of ca. 50-60~~; 
they are marketed as powders or &&es. Important physical characteristics of the 
vacuum-distilled Nibren D88, Dl16N and D130 waxes are recorded in Table 3. 

Several fnrther types of Nibren waxes have been reportedxJ~“, such as Nibren 
RN88 and RN130, and Nlbrea D130CM and D13OCM/LO. The RN-type products 
are dark-colonred non-vacuum-distikci analogues of Nibren D88 and DL30. The 
other two products are modified PCN mixtures whose crystal structures oppose the 
penetration of water vapour very effectively. 

These waxes have-been produced in Great Britain by ICI (Runcom, Great 
Britain) and one of its forerunners since 1919. They are described6 as wax-like solids 
with a light odour, and range in coldur from p&e yellow to black. Approximate 
melting points are fro& 67-73 to 120-125”- Two grades, produced in order to conform 
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Cl- content (“A 
Dielectric constant at 800 HZ, 20 “C 
Power factor (tg 6) at 600 H-q 20 “C 
Resistivity (Qmn) at IO0 V, L min 
Disruptive strength (kV-cm-‘) 

90 
1.57 

II 
0.36 
o.oi 
3 - 10-c 
5.0 
1 - 10-S 
L - Iota 

15&2rn 

I13 

I.66 

10 
0.98 - 
0.02 
3-lo-+ 

4.7 

1-10-3 

l*lP 
150-200 

135 
I.77 

10 

1.1 
0.03 
5-10-4 
4.5 
I - IO-3 
1*1O’5 

280 

to.speciai electrical specifications, are known. DaW8 on the chlorine contents of the 
Seekay waxes, p~&~ctlon of which was ceased about a decade ago, are summarized 
in Table 4. 

SmdI -mormts of three Clonacire wakes (90, 115 and 130) are produced by 
Prodefec (Paris; France). They differ in their degree of chlorination; the numbers _ 
correspond to the melting points. 

Further information on the properties and uses of the PCN mixtures is pre, 
sented below, while their spectral characteristics and behaviour in chromatoFaphy 
are discussed in the pertinent sections on analysis. 

Theore&dly, 75 d&rent PCNs exist, as demonstrated in Fig. I. However, 
on mechanistic and statistid grounds it i$ tmlikely that all of them are formed in 
technical chlorination processes. Marc important, physically, the difficrrlty ofisolatin,a 

isomers from the mixtures produced by chlorination of naphthalene is such that 
kdirect roirtes must be employed for all individual PCNs except I-monochloro- and 
octachloronaphthalene. So far, the synthesis of 5.5 individual PCNs has been re- 
ported. 

TABLE 4 

CIXORLNE CONTWTS OF SEEKAY WAXES 

Grade Seekay wax Cl cLz+ent 

(T& w’ti)~ I 

R (refined or white y) 68 46.5 i 1 
.93 50 &l 

I23 -. 56.5 & 1 

RC (electrical grades) 
700 43&i- .. 
93 50 hi 

IX .. 56.5 & 1 







T_&ESLE 5 (c~~ti/rue& 

. PCN Meifing _&fling. ’ Derrsity nD-- Dipole Route- 
point (“Cl * point (XJ) (d;) -. g?etz& 

s No. Ref. .- 

1.2,3,4,6 .- 147 -I. 19 
1,2,3,5,7 151 1 19 

1,2,3,&x 177 4 37,41 

1’46~ ,-, * r 
cx = S?) 135 I 19 

L3,5,8J 3.55 .l 19 

i,3,5,% 
*.s - 4 42 

1467x , , * 1 
cc= 2?) l3i I 19 

123456 3 ,9 , , - 4 43 

174568 v-t , . 17%i77 , 4 38 
1,2,3,4,5,6,7 - --- 4 44 

1,/3,4,5,6,8 194 4 44,45 
1.2,3,4,- 

5,6,7.8 197.5-203 4 

* Range of values found in the literature. 
‘* Sezz text for structure ass&ment. 

*** Still impure. 

(a) Mono-PCNs 

Apart from the PCN mixtures, I-monochloronaphthalene is. the only chiori- 
n&d naphthaiene that has so far proved to be of industrial utility. ft is produced 
industrialiy by passing chlorine into molten naphthaIene andfractionatin,a the prodrrct. 
It can also be obtained in good yieldl’~“~~ by chlorinating molten naphthalene iii the 
presence of iodine, iron chloride or antimony(V) chloride. 

l- and 2-monochloronaphthalene can be prepared on a smalier scale from 
naphthafene-I-sulphonic acid on heating with copper(H) chloridezo and from 2-mono- 
chloronaphthalene-l-&phonic acid on treatment with dilute s&htic acid2’. 

(b) Di- and tri-PCNs .- 
.For some disubstituted PCNs, preparation from the suiphonyl chloride is not 

the preferred method- 1,3-Dichloronzphthalene, for instance, is obtained@ in better 
yield by heatisg a solution of diazotised 2,44chIoro-l-naphthylamine in dilute. 
suiphuric acid with ethanol. With trisubstituted PCNs, both nitro and amino com- 
pounds have been used’g*27*“B 2s starting products instead of 2 sulphonyl chloride or 
sulphonic acid. For further details, the reader should consult compilations such as 
refss; 50 and 5 1. 

(12) Tefra- and penta_PCNs 
Turner and Wynne29 were not able. to elucidate the exact stru&ures-of several 

tetrasubstituted PCNs. According to Cencelfl, I,4,7,x-tetrachloronaph&leee:@rob- 
ably x = 8; ref, 19) is identical (melting point, fR spectrum) with the 1,2,4,6-f&2- 
chioronaphthalene he synthesized himself. On rhe bask of meiting point data, &&j 

21~0. conduded that x 7 7 in 1,2,5,x-tekcfrlortinaphthalene (m,p;- I EL??). Piggott md 
Slingep have-demonstrated that 1,2,5,x-tetrachloronaphthalene (m-p. 164”) is iden- 



1;2,3 
I ,2,3,4 

1,2,6,8 
1.4S.S 
L&3,% 

1,3,5,S& 
133456 1-. 9 , , 

1,2,3,4,5 

.&X,X,X 

2,3,6,7 

U4,5,6,S 

lH-hepta 
ZH-hepta 
acta 

~emditz 
1 ,I ,2,3,4_Pent~c~oroote~l~ Boiling with C&ONa 
f 17 3 A 4_Hexa&orot , ,-* 9-c) Boiling with C&ONa 

Niiro cier&&ive 
1,2,6,S-Tetranitronaphthalene PC& and some POCI, at 180” 
4.X-Dichloro-i.S-dinitronaDhthalene PCis 
!j~3,5-Te~=htoro-x-nitro- 
naphthalene 
1,3,5,S-Tetranitronaphthalene 
I 2 3 4 5 6-Hexachloro-7-nitro- 1 I , , I 
naphthalene 

PC15 
Cont. HCI at 240” 

(1) I&-acetic acid; 
(2) NaNO,; 
(3) H;PQr 

Qrtinone 
2,3-Dichloro-1 +naphthoquinone 

h&sce&neorrr 
Dichloronaphthalene 

2,3,6,7-Tetrachloronaphthalene- 
tetracarbox$lic .acid 
1,3,5,7-Tetrachloro+S-bistosq-l- 
aminonaphtha!ene 

Octachloronaphthalene 
Halowax 1051 
Szz text and ref. 46 for details 

PC& and some POC& at 
180-200’ or PCl, only at 
200-250” 

(I) Chlorination; 
(2) KOH 
Basic copper carbonate 
in quinoline at 240” 

(1) H~SOJ; (2) NaNOt; 
(3) KC! i CuCI2 
LiAl!$ 
Fractional crystallization 

19 
19 

34 
35-37 

37,4i 
42 

43 

39, 40 

3s 

38 

3s 
44,45 
44,45 

tic&with 1;2,5,6-tetrachloronaphthalene. Hatdy ef aL3’ have confkmzd that the 1,2,7,x- 
tetrachloronaphtbaIene synthesized by Turner and Wynne indeed has x = 4, as al- 

ready suggested by Wynne”. Lastly, the x,x,.r,x-tetrasubstituted PCN mentioned in 
Table 6 ha be& isoIatedjS from the oily by-product obtained in the synthesis of 
1,2,3,4,5&hexachlorotetralin by chlorfnation of crude dichloronaphthalene, followed 
by treatment with alcoholic potassium hydroxide. The unknown structures of the 
various pentachloronaphthalenes recorded in Tables 5 and 6 have not yet been 
elucidated. 

(d) Hepta- anH tic&z-PC&k 
Recently, CIark and co-workers S+ described the preparation of a pure hepta- 

chioronaphthalene (probably L H-heptachlorcnaphthaleelene) by reduction of octa- 
chloronaphthalene with ahzminium lithium hydride. The other, still impure, hepta- 
chloro isomer has been obftined by fractional crysia.Uization of.Halowax 1051 from 
toluene and- -bon tetracbloride. The assi_rmmeent of structures to the he@achloro- 
naphthalenes is discussed in Section EII. 
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Cktachloronaphthalene is prepared by exhkstivk chlorination of naphthalene 
with, for example, chlorine and phosphorus(Y) chioride?, or chlorine, iron and iodi@ 
at 100-l 50”1695+.‘Nearly quantitative yields are realizeds5 in vapour:phase &~Iorinatidti 
Gng e.g. charcoal or rhodium(Ei) chloride-alumina at 300”. A short survey of the 
literature on perchlorination ws.given by S~chitzk~6, while a discussion tin the use 
of perchlorination for PCN anaIy.sis is presented iti Section III.2. 

Lastly, it shotild.be noted that decachloro-1$-d&ydronaph@alene is obtained 
in good yield from Halowax 1Ol4g6 ck a 1-phenyhnethylna~hthalene c@ivative” and 
a mixtnre of disulphur dichloride, sulphuryl chloride and altiminium trichloride. 
When decachioro-l+dihydronaphth&ne is heated above its mdting point (208”), 
octacl$oronaphthalene is formed: 

(2) 

ft has been suggested& that such a thermal reaction may account for the fact th2t 

both compounds give an identical mass spectrum (corresponding to that of octa- 
chioronaphthalene) and display identical retention times in gas-liquid chromato,m- 
phy W-C)- 

(e) Deuterafed compoum?s 
The synthesis of partly deuterated naphthaknes and OctadeuteronaphthalenF, 

their main physical propertiesjs and IR5g and RamarP spectra have been reported. 

(f) Mziting points 

The melting point data of the disubstituted PC% have been analyzed by De 
Laszld”_ The a,/?-dichloronaphtiafenes, which etibit no degree of symmetry, have 
lower melting points than have the &3- and a;,E-dichIoronaphthalenes, all of which 
possess a plane of symmetry. The di+substituted isomers melt at higher temperatures 
than do the di-cr-substituted isomers, and 2,6-dichloronaphthalene, which has its 
substituents in positions analogous to those in jcIra-substituted benzenes, has the 
highest melting point. The same s,yuence is observed for the corresponding dibromo- 
naphthalenes. 

3. Getzerd properties and uses 

Most information is available on the Halowa.xes and Nibren waxes and these 
particuk types will therefore serve for further discussion6~13~x4~17 of PC% in general. 

(a) Properties 

As is evident from the data is Section IX I, except for Halowaxes 1031 and IOOO, 
‘the commercially available PCN mixturez.can be described as-having chlorine con- 
tents from 40-t@ 70 wt.-*%, melting points in the range W-185”, sp&firc grav&s (at 
ambient temperatnre) from I.5 to 3-0, dielectric constants of 4.5 & 1, and direct- 
cm-rent resistivities of at>out IO" f2 - CIII at room +-emperatElre and. 10L1 Q - cm& their 
melting points. _‘. 
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-. The chk&naFed naphthalenes are excellent dielectrics and possess a high degree 
of chemical stability, indicated by their resistance to concentrated bases and acids, 
extiept c&_&ntrated nitric acid. PCN mixtures remain stable even at temperatures 
up to-their boiling range, and are stable to oxidising agents. At 12%1-25”, they are 
tmafkzted by copper and &Id steel in a dry atmosphere, and at 40-50” in the presence 
of moisture. En the presence of moisture at 12~125”, they tarnish. copper, owing to 
th& liberation of seal1 amounts of hydrogen chloride. Other desirable characteristics 
include inherent !&me resistance and resistance to fungus growth. The solid products 
melt to liquids of extremely low viscosity. - 

-Chlorinated naphthalenes are generaI@ compatible with petroleum waxes, 
chlorinated paraffins, polyisobutylenes, low-mofecular-weight styrene, phenolic resin 
solutions and several plasticizers. They have limited compatibility with ethylcellulose, 
polyethylene and vinyl resins, and are not compatible with nitrocellulose or cellulose 
acetate. 

PCNs have good solubility in chlorinated and aromatic solvents and in petro- 
leum naphthas. They have limited solubility in ketones, ethers, acetates and mineral 
oils, and are insolubte in alcohols and water. 

The toxicity of the PCNs, which is discussed in Section IV. 1, calls for special 
precautions in their use. Poisoning by PCNs may take the form of acne or of toxic 
jaundice. Systematic poisoning is a consequence of inhalation of the fumes from the 
molten substances, rather than from handling the cold solids. Damage from inhaling 
the fumes can be severe and occasionally fatal. Before being employed on work wit-h 
PC%, one should undergo a medical examination in order to ascertain whether one 
has suffered or is suffering from any disease that afT6cts the liver, as it is known that 

such persons are predisposed to further liver damage by PCN poisoning. 
The principal precautionary measures to be taken against PC-N poisoning are 

the provision of forced ventilation, washing facilities and protective clothing, which 
should be dry-cleaned frequently. The =Ise of barrier creams, to be applied to the 
hands before working with chlorinated naphthalenes, has also been recommended. 
After handling PC&, one should tvdsh with soap and apply lanolin to the skin. For 
general precautions to be taken when using PCNs industrially, the reader is referred 
to a paper by Greenburg6l. 

I-Monochloronaphthalene is the only pure PCN that is liquid at ordinary 
temperatures. It is miscible with most of the common organic solvents and, at mod- 
erate temperatures, is unaffected by water and alkali and has no corrosive action on 
the common materials of construction. So far, I-monochioronaphthalene has not 
been reported to have the harmful effects associated wirh the higher chlorinated 
naphthalenes. However, it is recommended that contact with the skin should be 
avoided and adequate ventilation should be provided. 

(b) Uses 
PCN mixtures are used chiefFy in the electrical industry, e.g., as separators in 

storage batteries, as capacitor impregnants atid as high-temperature and flame- 
resistant seaIs for condensers and coiIs. They are also empIoyed as binders for 
electrical-grade ceramics and sintered metals. PCNs, as the molten wax or in the form 
of emulsions, are use-d in. cable-covering compositions, and to impre_rmate wood, 
paper and textiles, to which they impart water-proofness, flame resistance and 
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fungicidal and insecticidal properties.- Some grades of PCN: mixtures, and -f-mxm- 
chloronaphthalene, have been applied as insecticides. 

.When compounded with materials such-as resins, rubber;plastics, talc, kaolin 
and PCBs, the PCNs form a wide range of mouldable masses of appropriate hardness; 
plasti&y, etc. Further, PCNs are used to dissot% sludge and varnish formed by-pe- 
troleum oils and as ingredientsin motor tune-up compounds and photoelastic im- 
me&ion .fluids. They are employe0 as pltiticizers, as additives in a&mobile ad 
industrial gear.&ils znd cutting oils, and in protective coatings, lacquers and underwater 
paints. Ha!owax 105i is used in organic fillers when flame retardancy is reqtied, and 
Halowax 1031 has &XI suggested as a raw material for dyes. The PC% waxes are 
easily coioured, e.g., with Ceres dyes. 

III. ANALYSIS 

I _ Chronmtography 

Armour and Burke62 were among the first workers to study the behaviour of 
PCNs in view of their possible interference in the analysis of organochlorine 
pesticides and/or PCBs. They demonstrated that under the GLC conditions used for 
the analysis of organochlorine pesticide residue@, Halowax 1099 and 1014 exhibit 

peaks throughout the retention-time region of the pesticides (retention time relative 
to aldrin, 0.5-6) ; the highly chlorinated Halowax 1051 is eluted beyond the retention 
times of the common pesticides (retention time relative to aldrin, 11). A study of 
Florisil column-chromatographic clean-up= showed that Halowax 1014, 1099 and 
part of HaIowax 1051 are eluted by 200 ml of 6 % diethyl ether in iight petroleum, 
which also elutes pesticides such as DDT and its analogues. Recovery studies with 
Halowax 1014 (50,~g added to 100-g. samples of fish, milk and spinach) using the 
FDA method63 revealed recoveries of 67,68 and 90 %, resFectiveiy. According to the 
authors, the low recoveries from fish and milk resulted from unfavourable partitioning 
between light petroleum and acetonitriie. 

As an &her-native, Armour and Burke carried out chromato,&aphy on a silica 
gel (t3 % added water)-Celite (4:1, w/w) cohmm, using the procedure reported in 
ref. 64. All Halowaxes tested were completely eluted by the 25O~ml of light petroleum 
used as ehrent, in which fraction PCBs were also recovered. No Halowax was found 
in the subsequent X0-ml acetonitrile-n-hexane-dichloromethane (I :19 :80, v]v) mix- 
ture, which contained most of the common organochlorine pesticides (Fig. 2) The 
recovery -of Halowax 1014 added to a trout sample (5Opg to 10 g of fish) was over 
90%. The procedure, which has also been recommended by Gaerlitz and l.aw65, 
suffers from the disadvantage that large voIumes of solvents (ca. 0.5 I per sample) are 
required. 

Separation of PCNS @US PCBS from organochlorine pesticides also occurs in 
the alumina-silica gel column-chromatographic procedure developed by Holden and 
Marsde@ and modified by- Zitko6’. A s urnmary is given in Table 7. Both PCNs and 
PCBs are eluted-in fractions I and 11; p&-DDE is also p&ly.eluted in the n-hexane 
fractions, but separation from most other common pesticides .is suwssful_ Zitko 
emphasized that in order to achieve -reproducible chromato&fiphic conditions, the 
activity of the adsorbents must be carefully controlled, the a&iv&o& pro&ures d& 
scribed in detail, aud the quality of the solvents-used for elution &e&&d. 
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Fig. 2. GLC of brown-trout Florkil column eluate fortified with 2.5 ppm of Halowax 1014,O.S ppm 
of p,p’-DDT and Cl.2 ppm of p&-IDE and containing 0.19 ppm of p&-DDE residue. (a) Eefore 
separation. (b) Light petroleum eluate from silica gel column. (c) Polar eluate from silica gel column 
containing (l)p,p’-DDE, (2)p,p’-TDE and (3)p,p’-DDT. A IO-mg sample was injected for each curve. 
For GLC conditions, see ref. 62. 

As an alternative method for the discrimination between PCNs and other 
types of organochlorize compounds, Gulan ef &.a trapped the components of a mix- 
ture as they were duted from the gas chromatograph (2% SE-30-2% QF-1 on 70- 
80-mesh Anakrom ABS at L80”), added a small amount of n-hexane, exposed the 
soiution to the Ii&t from a 100-W, medium-pressure UV lamp and re-chromato- 
graphed the irradiated products on a 4% SE-304% QF-I on 70-SO-mesh Anakrom 
ABS column, the temperature being programmed from 170” to 190”. As an illustra- 

TABLE 7 

PROCEDURE FOR SEPAR4TION OF PCNs AND PC& FROM ORGANOCHLORINE 
PESTICIDES66*67 

Step Procedure 

1 Sample (5 g) ground with anhydrous NaSO, 
2 Grorrnd sample extracted with pesticide-grade n-hexane, Soxhlet, 1 h, final volume of 

extract 100 ml 
3 Chromatography on alumina <Fisher No. A-HO), aliquot of extract (l-50 ml} in 1.5 ml 

of n-hexane, akunjna activated at 800” (4 h), 5% water added. Column 45 x 0.7 cm, 
2 g of alumina~~20 ml of effluent collected 

4 Chromat&raphy on SiIicar silica gel. EfIIuent from alumina in 1.5 ml of n-he-e, 
Silks adtivated overnight at 130”, 3 % water added, column 45 x 0.7 cm, 2 g of Silicar 

5 Efhueent: n-hexane, 10 tii: fraction. I; 20 ml: fraction 11; 10% &ethyl ether in n-he-e, 
16 ml: fraction Iii 





-?+ and ill as their degm&& products &re larg&y.resolued from those of the PCN 
de&adaticn pr&kts.- The &&hors cfairn &at the sa& holds ttie for the PCB mixture 
&q+& 1254 for Ai but- me pair Of mrrespotiding:GLC peaks. 

Goerfitz and I,api65,.who also studied the extent tom which PCNs may interfere 
in tbreanzlysis’of ‘pes’cicides, preseqted ch~o~+t;rgrams of Halowax 1013 and 1Oi4, 
amlyzed by.electioncaptrrre GLC G&_ 3 % OV-102 (on Gas-Chrom QJ and 3 % OV- 
1Ol-5 % O-V-210 (on Gas-Chrom Q) colfumns at 180” stnd X75”, respectively. Identifica- 
tion of the chlorine co&en; of the. peaks’ was achieved with the aid of a computer- 
controlled GLC-nmsS. spectrometry (MS) system.. Fig. 4 shows represenfative cbro- 

ma~ogrzm~ .&nd &q .chlorine-number assignments of. each peak. According to the 

authors, the pattern of cornpounds and isomers of a particular PCN. preparation, as 
it appkrs on the cbrom~to,~m, is tiot as characteristic or distinctive as that of PCB 
formu&ztions. In other words, one cannot readily assess the occurrence of PCNs in 

previously analyzed s~amples simply by reviewing the_ chromatograpbic records. 
The cokbined use of thin-layer chromatography (TLC) and GLC for the anai- 

ysis of PCMs has been proposed by Stalling and EI~ckins~~. The components of 
HaIowax $099, IO13 and- 1014 were resoived by reversed-phase TLC on Kieselguhr- 
coatcd glass plates imprkgnated with paraffin oil. Three successive deve!opments were 
carried out in a saturated atmosphere, usin, m methanol-acetonitrile-acetone-water 
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Fig. 4. GLC of KaIowax 1013 and 1014 on a 3 7; OV-101 on Gas-CExom Q wlumn65. Tempenturess 
3@zti&, ZOS~;.coIurnn,- 180”; detector 0, 200”. GzsBow-rate, N z, 37 mlin;n; Eie used instead 

of N;-in GLC-MS. : 



(8 %:3:1, v/v) saturated- with par&En 02 as the mobile-phase: Ident@cation was ef- 
fected by spraying With a solution&Y&lver -x&rate f L-7 g) in effianof.(200~$) ..tg -which 
ammonia. solution (sp.&. O.SSO) (1 ml) is added just before tippiicatidn~. The -plate 
was then held over a steam-bath for a few seconds &d GnaEIy placed under a’UV Iamp 
for several minutes. All chlorinated- componetits $$eared :as d&k spots on a light 
backgoucd. A~~oximate~y S-15 pg of&e HaZotia&s are required inorder to detect 
the major components. In order to retace the TLC data to .&srrlts-obtained by GLC, 
they elkted the pertinent zor~es on:the chromatogram with light petroieum-diethyi 
ether (19 :I,- v/v) and analyzed the resulting solutions oti a 0.3 % OV-7 OR glass beads 
column at Ml or i9Oo, using a nickel-63 electron-capture detector.-Temperature- 
progr&xned GLC-MS was used to characterize Halowax standards in terms of the 
chlorine contents of the individti peaks. From the results, which an? summarized in 

Tabie 8, it is apparent that spots with lower RF values generally correspond to GLC 
peaks with ionger retention times, i.e., to Haiowax components with inore chlorine 

atoms. Stalling and Hucki~&~ also presented gas chromatograms of Halowax 1031, 
I000 and 1051, but did not comment OR them. 

According to Bri-inkrnm et al.“‘, reversed-phase TLC of PCNs on Kieselguhr 

TABLE 8 

COlCRELAiLON OF REVERSED-PHASE TLC SPOTS AND GLC PEAKS OF HALOWAX 
1099 , 1013 AND lOi469’ 

Halowax R.c 51 TLC 
If 

Retention time relorive ro GLC-MS 
d&in or p&-DDE in GLC”’ 

No. of Ci Mol. wt. 

atoms 

1099 0.52 1.97 5 298 
0.67 0.83, 1.03 4 264 

2.48, 2.82 5 298 
0.77 1.18 4 264 
0.81 0.44, I.28 3,4 230,264 
0.85 1.53,0.62 4,3 264,230 
0.80 0.23 2 396 

1013 0.46 1.67,4.64 i 5 298 
0.50 4.98, 5.70 6 332 
0.58 0.70, 1.97 4,s 264,298 
0.66 0.82, 1.02 4 264 

2_38, 2.82 5, 6 298,332 
0.76 1.27 4 264 
0.81 1.52, 0.43 4, 3 26+, 230 
0.85 0.60 3. 230 

1014 0.35 1.60, 1.89, 4.21 ,697 332; 366 
0.44 0.72, 0.84 5 298 

1.98, 2.2s 6 332 
0.56 0.30; 2.53 3; 6 230,332 
0.6J 0.38, 1.05, 1.19 4, 5 264,293 
0.81 0.23,0.58 4,3- x4,-230 

_ 
* For TLC and GLC conditions, see text and subsequerk notes. 

** RF for p&‘-DDE, 0.92: - 
*** Column texnmt*xe, 160” fKzla%zx IO99 &I lOi3) & 190” (h’ztowax 1014); retention &es 

r&tive to ddria @a.Iowax 1099 and t013) or p&-DDE (H&wax lOf4). 
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Fig. 5. TLC of Halowax 1030-1051 on (a) Kieselguhr impregnated with paraffin oi!/aceCon;trile- 
meboI--water (g :9: 3); (b) Kieselguhr impregnated with parafik oil/acetonitrite-metanoL-acetone- 
water (20:20:9:1)70. Detection;: spraying with a solution of 0.3% tolidine in 80% ethanol containing 
0.3% gkcial acetic acid and subsequent UV irradiation. 

impregnated with paraffin oil is superior to TLC with the system silica’gel-dry n-hexane 
(CA ref. 176). With the former technique (Fig. 5), about twice as many spots are observed. 
Acetonitrile-methanol-water (8:9:3, v/v) is recommended for the separation of the 
low-ch!orinated Halowaxes; improved resolution of the more highly &lorinated mix- 
tures is obtained with acetonitrile-methanol-acetone-water (20 :20:9 : 1, v/v) as the 
mobile phase. The data compare favourably with those of StaHing and Huckins6g, 

who reported the presence of 5-7 spots in the reversed-phase TLC of various Halo- 
waxes (Table 8). The excellent separation obtained with Halowax 1051 is discussed 
below. 

Challen and KuEera” studied the detection of PCNs and other commercial 
wood preservatives using TLC and GLC. WiEh chloroform extracts of wood (46 
species), the several preservatives were separated best on silica gel with n-hexane-ethyl 

acetate (17:3, V/v) as the mobile phase. Spraying with a 0.1% solution of diiodo- 

ftuorescein in alcohol, and subsequent exposure to bromine vapour, al!owed the de- 
tection of 50-200,~g of PCNs. En GLC, the large number of peaks observed with 
samples containing PCNs z!!ows their detection; however; it renders impossible their 
identification in mixtures with other preservatives. 

Au extensive study on the identity of the PCNs present in Halowax 103 1, 1000, 

IOa!_and 1099 was reported by Beland and GeerS. Chromatograms were run on two 
different columns, viz., a !O% Carbowax 20M on 60-SO-mesh Chromosorb W and a 
mixed 5 o/0 Eentone 3C10°k OV-101 on 10~120-mesh Supelcoport column, using an 
oven temperature of 180” (Fi,o_ 6). From the data collected in Table 9, it can be seen 
that both monochloronaphthalenes were found to be present, together with all of the 
disubstituted isomers (except 2,6-dicMoronaphtha!ene) and several of the possible tri- 
and tetrasubstituted naphthaleues. In addition, at Ieast &me components appear to 
be present that do not seem to be PCNs. Four PCNs identified in Halowax 1001 have 
also been showu72 tq be present in N&en D88, which has a compgrable chlorine 

content. A sample of Nibren- D88 was separated into 22 fractions on a column of 
activated a&un!n~iusing light petrofeum as sokent and lig!rt petroleum-benzene (99 : 1, 
v/v) as the mobile phase. Detection by means of!R absorption measurement indicated 
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Fig. 6. GLC (&f. 8) of HaJowax 10% (3 pg); LooO (0.3 pg), lOOI (30 ilg) md 1099 (30 ng) on a FkntOne 
3+-OV-101 packed c&-wnr~ _Tetipbatures: inject&,- 190”; c&p, HO”; detectsr (?H); 190”. ~Gtis 

flow-rate, NI, 30 ml/rnin. ? 

that the first three fractions contained f,3,5,7-tetrachloronaphthaiene, and that I ,4,6- 
trichloro-, 1,4,5-trichIoro- atid 1,4,5,8-tetrachloronaphtbalene were the main compo- 
nents of fractions 4-9, IO-15 and 16-22, respectively. 

Beland and Gee? pointed out that elecr.ron-capture gas chromatograms give 
misleading values of the amounts of each individual PCN present. They observed 
that an increase in the detectorxesponse occurs EargeIy in the !mono- to tricbIoro range, 
although the ma_tittzde of the effect. is not yet known. For iast&ce, HaIoWti 1031 
CO~~Q&JS a minimum cf 96 % of monod~oroaapb~alenes, yer the -c&omatogm& in 
Fig. 6 shows_ axles indicatidn-of tetr&subs&uted~isqmers being-present, .&hckgb at 
very lowconceritrations. -. 

: High-performance liquid ch&@ztography (k?LCf in tksystem siti;’ ueL&y 
n-hexane @ai been used” to characterize tbB Seh&orar of tbrec skries &komm&ciaEy 
availa@le PCN mixtures, viz., Hz+hWax @31Y1051, Nibren IXSDT34 and.Cfpnacire 
90-130. Cbxoti%to_&--cjf the EI&owa__ series a&zprese&$i In:Fig;7jthey werere- 



Bentom Cafhvax 1031 Mob 1001 1099 

5s.o 32.0 2 + i- .. + I 
66s 32.0 1 _L T 
94.0 62.0 I,4 f + + + 
99.w 62.0 I,5 T i + 

llO_O 57.0 1,3 I L -I- 
112.0 69.0 -1,6 -i_ + 
131.0- 77.0 2,7 i 
163.5 84.0 2.3 f 5 i i 
163.5 108_5 1,4,6 f + + + 
175.0 77-O x,2 T 
182.0 69.0 I,7 i + 
186.5 94.5 1,3,5 + i- -I- f 
-215.0 1’08.5 1,2,4 i I , + i- 
226.0. 127.0 1,3,5,7 t J_ t -!- 
240.0 f54.5 X,2,6 i I -!_ -t- 
276.0 199.0 1,4,5 f ; f + 
299.0’ 177.0 1,2,4,6 + f i I 
316.0 127.0 1,s I i i i 

39OxJ 254.0. 135s f f >,s f t 
555.0 526.0 1,4,5,8 -i- f f f 
642.0 272.0 1,2,3,4 i I 8 t f 

Fig. 7. HPLC (ref_ 70) of Halow2x 103I-105i (CQ. 300 ppm in n-hexane). Column, 25 cm >: 3 mm 
I.D. -filled with 5-~82 LiChrosorb SI 60; .mobiIe phase, dry n-hexzme; fkxv-mte, 1.4 ml/mix; W 
detectiotiat the wzvelengths indic&ed in the figwes; fult smIe, 2.28 <Halow&. 1031, lcfx), 1001 zad 
1@99). 0.64 (Efaloyx IO!3 and IO&$X, 2.56 @dowzs 1051) absorbance units: temperattq 27 i-1 O_ 
Tentative assignments ze i$&ted .bq’ pze$he&sT - . 7.. 
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corded at or near the wavelen_& of maxim urn &sorption. Nibren LX8 and.cfonacire 
90 display chro~tograms, as weti is meftting.$o.ints~ and UJf spectra (#I, Se&km 
IT. 1 and III.3), that are virtually identid With those of H&wax LObl: The .mofe 
hi_&iy chlorinated Nibrcn Di t6N and Clonacire 125 strongly resemble Haiowax 1013; 
Nibren DZ30 displays the same beh&our .as Halow~~ 1014. For Cfonacire 130, .a 
composition intermediate between those of HaLowaX 1013’and IO14 was suggested. 

Comparison of the chromatograms in Fig. 7 with data on PCBs in ref. 73 re- 
veals that the major peaks of low-chlorinated PCB mixtures are eluted separately from 
those of all Haiowaxes. However, more highly chlorinated PCB mixtures, as well as 
polychlorinated terphenylsiG and various common chiorinated pesticide%, are eluted 
in the-retention-time region characteristic for PCNs. However, it was demonstrated 
that detection at two different wavelengths, lying in the 195-215 and 275-320 nm 
regions, will help to discriminate between, and even determine quantitatively, PCNS 
and PCBs. The results will be best for PCNs, because PCBs and polychIo&nated ter- 
phenyls show negligible absorption above 275 nm. Admittediy, detection of the 
Halowaxes in the 275-320-nm region instead of at their wavelength of maximum ab- 
sorption causes an approximately IO-fold decrease in sensitivity. En practice, another 
limitation to the W approach is the background generated by W%ibsorbing com- 
pounds eluted from the cohmm material and/or extracted from the sample to be ana- 
lyzed6’. 

Data” on the retention times of 33 individaai PCNs in the HPLC system silica 
geI-dry n-hexane are presented in Table IO. The retention behaviour app~ears to be 

determined by two main effects: (2) increasin, Z = Gnroduction of chlorine atoms into. 
the naphthalene nucleus decreases the retention, non-adjacent o-substitution having 
a greater effect than non-adjacent #?-substitution in this respect; (2) substitution in the 
adjacent I$- and, although less so, in the 2,3-positions promotes retention. Iilustrative 
examples are the relatively high retention time of 1,4&S-tetrachloronaphthalene 
compared with those of the 1,4- and 1,5-dichloronaphthalenes, and the very short re- 
tention time of 1,3,5,7-tetrachIoronaphthaIene. VJith the last PCN, the complete ab- 
sence of substitution in adjacent positions causes it to move ahead of all PCNs studied, 
including octachioronaphthaIene. 
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Fig. S_ HPLC (ref. 78) of Ha!owax 1051 in the systems (a) silica gel-&y n-hexane at a Bow-ratezof 
0.2 ml/min (tempeidure, 27 & I’); (3) LiChrosorb RP-S~metbsnol-water (8.5:1.5) at a flow-rate of 
0.9 mI/min (tempe53ure, 20 & 1”). W de&ion at (a) 256 and (b) FO run. : 



1H-Hepta 0.23 
W-Heptz O-27 
.a& 0.19 

-* Data from ref. 78. 
l * Dzta from ref. 72. 

0.63 1.70 18.5 256 1.53 
0.63 ES0 - 2.15 
1.00 I.65 :: 275 - 

In several recent papers*~70*78 , special attention has bem devoted to the analysis 
of Nalowax 1051, which is a mixtirre of octachloronaphthaiene (90 %) and heptachloro- 
naphthaleues (10 %). GLC provides4’@ a sharp separation of the octa- from the hepta- 
substituted naphthaiene(s), but as yet does not allow the separation of the II-I- from 
the 2H-isomer. Surprisingly, three separate zones show up in reversed-phase TLC 
(Fig. 5). HPLC in the system silica gel-dry Iz-hexane also reveals the presence of at 
least three constituents (Fig. Sa), while an excellent separation occurs in reversed- 
phase HPLC on a LiChrosorb RP-8 column, using methanol-water (g-8:1--2, v/v) 
mhxtures as the mobile phase (Fi g_ Sb). Comparison of the NMR and UV spectra and 
the HPLC retention times of the hepta-substituted isomers with those of related PCNs 
strongly. suggests that the assi_gnments made in Fig. 8 and Table 1 I are correct. As a 
consequence, the isomer produced by reduction of octachloronaphthalene with alu- 
minium lithium hydride (cf-, Section II.2) is believed to be the LI-I-heptachloro- 
naphthalene. 

2. Diffeentidon of PCNs from PCBs 

In the previous section, it has been shown that an efficient separation of PCNs 
and/or PC& from a large number of organochlorine pesticides can be achieved if the 
chromatographic conditions are closely controlkd. However, no method has yet been 
devised for the difkeutia! elution of PCNs and PC%, ahhougb HPLC’O, multi- 
wavelength detection6’aY0, UV irradiationa and GLC-h4S6’ may help to discriminate 
between these two closeIy related types of compounds. Several further attempts to 
diEerentiate between PCNs and PCBs are discussed below. 

Holmes and Walien79 treated a mixture of PCNs and PCBs with an excess of 
chromium trioxide. After reaction for 20 min at ca. IOO”, examination of au n-hexane 
extract by ekctron-capture GLC revealed the presence of peaks due to PCB isomers 
only; the PCNs -were apparently oxidized compfetefy. However, one should bear in 
mind that, according to another stud?, treatment of PCBs with chromium trioxide- 
suIphuric acid also lea& to considerable decomposition of several low-chlorinated 
PCB.isomers. 

In order to s&&the. analysis of a heterogeneous mixture of PCNs, PCBs 
and other similar compounds, conversion into a single derivative has often been sug- 
gested, e.g., by exbaustive. chlorination to give the fully chlorinated product (per- 
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ped&yinz$ion of PCN-PC33 tiixkes a&ears to-be a promising alternative to the 
chromkrn tkioxide oxidation technique discussed above. 

3. UV andIEt specrrtwzetry _ 

~%part froth an early paper on the UV absorption of dichlorooaphthalenes60, 
ody one systemit& study on the v spectra of PCNs has been pubfished”. Data for 
com%aerci&y avaiiabk mixtures are recorded in Table 12, while rest& for individual 
PCNs are- included- In TsbIe IO_ Several spectrz are shown in Fig. 9. 

hn’the W s@ctrSt of a.rom&tic hydrocarbons, the Bb band is the most intense 

Wavelength C nm 1 

Eig. 9. UV absorption- &e~~ra’~ of naplrttiene (10 ppm) and I-mona-, l,S-di-, 1,4,5&tetra-, 2- 
mow-, 2,6-di- and 2,3,5-~cliloronaphthalene (CC+ . 25 ppm in n-hexane). Cell pzthlength, 2 mm. Lo 
band, x69. 
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.(l~g E = d-6): with the xxs, introductior~ if chtorin& atmns into-the nayihtI.rAene - 
nudeus induces 2 bzth&hrotic -strifi of t&i bind; .cbe-.m*~~~ df this smz is 
chiefly Meti by the ITUR~$ not the ~ps~ions of PI& substitu&ts’o:~~mon~, 
223-225 nm; di-, 226231 nm; tri-, 233-235 npl; te@z-; 238-245 um. c-S.&stitution~ 

s2aEes b&ho_ and hyprchomic &ifti~pr&otinandy in the-transverse-polarised L, 
band. This effect is clearly demons&&d by e&ps-&g @e s@ectra of j,Lc, X,5- -itad 
1 ,eaichioronaphthalene with &oSe of 2,3-, :2,cG in& 2,7_dic~oron~pht~~ene-~ The 
effect of crsubstitution is eve-n more pronounced with the fuhy .z-%ubstituted 1,$,5& 
tetrzchloronaphthalene. With $substituted PC& the $&ion of the I_.= band ha& 

changes and, instead, an intensificzfion of the relatively weak Lb bznd (h@h+ 
wavelength maxima, 32&330 nm) occu& These conclusions are in .good qreement 
with the dztti on disubstituted PC% ‘pubiished by De E.asxlo60 near& 50 years zgo. 
IMosbP commented briegy on the considerable brozdemng of the Bb band and the 
strong bathxhromic shift observed in the spectrum of 6cwMoronaphtMene cum- 
pared with those of less highly substituted PC&. These features are probably derived 
to a large extent from the non-planar nature of th& fu!Ey chIorir&ed uaphthalene. 

The IR spectra of PCNs ha&e .&en &died by Cencelj and HadZP, who_re- 
ported Sara between 1659 and 660 cm-I of the eon@ete range of dkhkxo- am3 ti- 
chloronaphthalenes and of nine tetr&hloronaphthalenes; a selection of these spectra 

is presented in Fig. 10. Parallel runs with e&h substance were made in the solid 
state (Nujol mull) and in solution (carbon tetrachlodde and cycfohexane). En most 
instances there was Iittle difference between the positions of the bands in the solid 
and the solution state. However, notable exceptions occurred, e.g., with I,%-, L,7- and 

2,3Cichforonaphthafene, and occasionr&y there were even differences a regards the 
number of bands observed. The authors limited the discussion to‘the 65!o~-1 
region, where a number of strong bands appezred in the spectra of substituted naph- 

thaienes that 8re known to arise from the out-of-plane deformation vibrations of the 
hydrogen atoms &ached to the rings. Following the method of ThompsorP, Cencelj 

l.4.5.3-tctm 1.3.6.7-tett 



and Hi&~ quoted .sevqd empIes that indicate that the pattern of the absorption 
bands in the above region seems to be characteristic of the types of substitution, and 
independent of the nature of the snbstituents. However, there is a serious limit&ion 
to the applicability of the correlation rules for the determination of the type of sub- 
stitution : the presence of 2 band is not suhicient proof of the presence of the corre- 
sponding group of. hydrogen atoms. However, the &sence of a band required by a 
particuktype of substitution seems to exclude it (cf-, Fig. 10 and ref. 87). 

Kahnykova et CZZ.~ also noted that changes in the shape of the TR spectra are 
due to changes in the shape of the molecule and the nature of tie spin-orbit interac- 
tions. To quote an exainple, from analysis of IR spectra (16X?-150 cm-‘) recorded _ 
at room temperature, and ekctronie spectra measured at 4 *K, they concluded that 
the coplanar nature of 1,4,5,%tetrachloronaphthalene is significantly disrupted. 
Reinarkabfy, 1,2,3,6,7&hexachIoronaphthalene turned out to be planar, while the 
fully substituted ocfachloronaphthdene was non-coplanar, although its deformation 
vibrations were not as intense as those. of I ,4,5&tetrachloronaphthaIene. 

The %R spectrum of ocrzchioronaphthalene in carbon disulphide and in po- 
t~~iurn bromide (304)0-65O~m-~) was studied by Luther ef CZ~.~~_ They reported 
frequency assignments made on the basis of a comparison with octadeuteronaphtha- 
lene and the system benzene-hexachlorobenzene. 

A list of IR spectra of PCNs recorded in the literature, and the pertinent 
references, are included in Table 10. 

._ 

4. Mass spectromtry 

The maSs and ion kinetic ener_w (IKE) spectra of the two isomeric mono- and 
several dichloronaphtha!enes have been recorded by Safe and Hutzinge?. Pertinent 
data are given in Table 13. The primary ion mass spectra of l- and Z+nonochloro- 
naphthalene are similar, and the fra_aentation p&tern shows loss of both Cl* and 
C-J& from the mokcular ion. The IKE spectra of both compounds are also identical 

TABLE 13 

PRIMARY ION MASS AND IKE SPECFRA fNTENSI-lTES OF MONO- AND DICHLORO- 
NAPHFHALENES’ 

--. ____ 
PGV primary ion mars IKE 

--___ .-.. ___ .-.- _.-__ 
M l%f - Cl M - CzH: 3.4 - C& 0.867E 0_82IE 0.782E (0.867E)j(O.S2iE) 

____~_ -.- 

I 100 20 tl 
2 100 1s <t 
I,2 100 11 tl 18 10.5 loo 54 0.105 
193 100 12 <I 20 10.5 loo 54 0.105 
2,3 100 14 <I 25 11.0 loo 55 0.110 
1.4 loo 11 <l 19 10.5 100 54 0.105 
195 10 12 cl 21 10.0 loo 55 O.lclQ 
197 loo 14 10.5 150 56 O.JOS (1 is 
1,s loo 14 tl IS 10.0 %cJ 54 0.100 

* Rea~rd&" at Xl eV, 80 kV with a DuPont CEC-21-1lOB hstnment. 



(c) m/e 136 ; 

These results are evidence of chlorine randomization,.at -least in the substituted kng 
of the naphtiene nucleus. _. 

For’tlre disubstituted PCNs, the r&five int.qnsities qf~ hot.@ the primary ion 
and IKE s&%-a are similar for alI of the isomers studied. Moreover, the ratios ob- 
taiued for the two daughter ion peaks resulting from u&molecufar decomposition of 
the molecukr ion (0.867 E/O.821 E) are ako virtualtlty indistinguishable; the fragmen- 
taken pattern is as follows: 

(g) m/e 170 (f)m/el26 

The r&sits sugest that chlorine randomktion occurs over &.ll of the carboti Atoms 
in the naphthaiene nucleus. This suggestion contmsts with the conclusion of Safe 
et ~1.~ concerning IKE spectra of PCB isotiers: with substituted biphenyfs, the _Aative 
peak abun&nces are different for each isomer and therefore ake thought to be of some 
use in strkkure analysis. 

M+ss spectra &we been recorded for tri- to heptachloionaphthalenes~, acta- 
chloronaphth&ene46 and Halowax IO31 and 2014W. Two examples are shown in Fig. 
1 la and I lb. It is worthwhile str?sing that, contrary to generaf ideas,. the odd- 
electron ions are a!wayS more intense than neighbouring evenekctroti ions. This 
phenomenon, together with the highly ch%acteristic 35CI/37CI. isotope -distribution, 
considerably facili+&.s the ~~_rmitiork of (poiy)ehforoaromaticcompoun~~ A -con- 
veniently readable bar chart of the isotopic abun&+e ratios foti 1-I s .caoritie atoms 
was presented by H&zinger e< ai .&. C+kulationsg~ on the theor+icai.~robtibifity of 
the ~urrence of ions of diEera& masses in the moieculzr ion &stir for fcqm moue 
to octachlordnaphthalenes- tie sermmir‘ ued in Table Iif- The identi&&& -of &. pen&- 
chIoronapht&&te in a.&tici6e-EPalotiti 1014 n&ture by mea&of mass;s~tr& 
etry hzs~been’reported by BoneHigz. ’ . . . . ‘:. 

A det&d study h& been made= of thk r@& spectia of&t& &d he&cuor& 
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Fig, II. Mass spectra of (a) 2 hexachloronaphthaien (b) Halowax lOl@’ sod (c) octachIoro- 
nzphthalene”. The last spectrum %u recorded at 8 kV, 70 eV cm an AEI MS 902s spcctromet&_ 

naphthalenes. With the former compound, the molecular ion can be seen (Fig. I lc) 
to be-the base peak and the only important mode of fragmentation is by successive 
loss of chlorine atoms. To a large extent, the atoms are lost singiy, but some simul- 

taneous loss of two chlorine atoms may also occur. Moreover, all eight chlorine atoms 
may be shed successively without loss of a carbon atom, as indicated by the peaks for 
the series .of C&1,+-C,,+ ions. Ln addition to the series of singly charged ions, a 
corresponding series of doubly charged ions occurs. The general abundance of odd- 
electron ions such as M* and [M - Cl,]* has already been noted above. Enterpreta- 

tion of the spectra of the heptachloronaphthalenes, which are indistinguishable except 
for minor differences in the relative intensities of some of the peaks, is in accord with 
that,of the mass speArurn of octachloronaphthalene. Again, the major mode of frag- 
mentation is by successive loss of (ah seven) chlorine atoms, the odd-eIect.ron ions are 
most -abundant and doubly-charged versions of al! of the ions are apparent. Loss of 
chloritie is strongly preferred to loss .of the hydrogen atom, which does not occur to 

an appreciable extent until at least four chlorine atoms have been shed. 
Lastiy, it is .interesting to note the presence of a group of iow-intensity peaks 

due to C,,MCI,* ions in the ma&spectrum recorded in Fig. 1 Ic. Clark et&.* produced 
evidence that suggests that these ions are due maZnIy to slow incorPoration of 



MOJZO-PCiV 

162 
163 
I@ 
165 

!OO.OO 
11.28 
33.17 

3.68 

Di-PCN 
196 
197 
19s 
199 
200 
201 

100.00 
11.28 
65.77 
7.35 

11.00 
1.20 

Tetra-PCN 
264 56.35 
265 8.6X 
266 mO.00 
267 11.23 
268 4925 
269 5.49 
270 10.86 
271 l-19 
272 0.92 

Tri-PChr 
230 
231 
232 
233 
234 
235 
236 
237 

ioo.00 
11.27 
98.37 
11.03 
32.44 
3.59 
3.65 
0.39 

Penta-PCN 
298 61.14 
299 6.89 
3aO 100.00 -. 
30! Il.24 
302 65.54 
303 7.33 
304 21.55 
305 2.39 
306 3.57 
307 0.39 
308 0.24 

HexoPChr 
332 50.98 
___ >)31) 5.75 
334 lClQ.ClO 
335 11.24 
336 81.83 
337 9.16 
338 35.79 
339 3.98 
3-4-O 8.84 
341 0.97 
342 I.17 

Heptu-PC% 
366 43.72 
367 4.93 
368 lOOA 
369 11.25 
370 98-12 
371 11.00 
372 53.56 
373 5.98 
374 17.58 

375 1.95 
376 3.48 
377 0.38 
378 0.39 

Octa-FCN 
400 33.44 

401 x77 
452 &7_O 

403 9.83 
m lcmO0 
405 L1.22 
406 65.44 

407 7.31 
408 26.51 
$09 2.98 
410 7.05 
411 0.7s 
412 1.16 
413 0.13 

hydrogen atoms by thermal reaction on the surface of the irrlet system and source of 
the- mass spectrometer. ‘Ihis irtdicates that the spectra of labile polychloroaromatic 
compounds must be interpreted with care, especially if the compounds are present in 
low concentrations and are introduced other than on a direct insertion probe. As an- 
other limitatjon~of mass spectrometry for the at&& ofpolychloro compo=mds, Clark 
et al_ mentioned the fact that these compounds are often very dBicult to remove from 
the source of the spectrometer atxd affect subsequent spectra for many hours. 

Farwell et LZ~.~~@ studied the use of vohammetry for the identification of PCNs 
and other polychforinated ~ompourads. PoIy~oaromatics are @OR& to be &rev&sibly 
reduced at a mercury eltitrode, usually in a stepwise manner, the vokmme& reduc- 
tion potentials of the various CTcl bonds depending upon the structural posi&ns in 
the parent mole4ec-In order to improve signitkantf~ the,quarg&&tiye resoh&n of 
the individe p+ks, .EWvelf el al. wed interrupted-sweep ~vc&mme~ i&e& .of 
normal voltammetry~ They described75- an‘ inez+ensive interrupted~sw&p &ent 
that perrrtits the resolution of reduction peaks szpara;ted by less than @.mV, wme it 
has a potential resolution of 43 mV -for overlapping .*u$ig. p-e&s. &&raGve 
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Fig- 12. VoItimmosam of ~.~,3,4-t2t~2h~OrOn~phthalen2”. Voltage mg2: --0.700 to --2.6G, V 
KY- S.C.E. 61) Normal SCSI; (b), second-derivative scan; (c), interrupted-sweep fingerprint. 

~O~~~~Og~~~S of 1,2,3,4tetrachloronaphthalene are shown in Fig. 12. The most 
cathodic p&c corresponds to the reduction of naphthalene and the remaining peaks 
represent the stepwise removal of the chlorine atoms. 

Characteristic reduction-potential data for 37 PCNs are given in Table 10. The 
f&t zerokrossing of the second derivative of the cell current has been chosen as the 
interrupt potential Eid on the reduction wave, as it is readify determined experi- 
mentrdiy and is sufficiently anodic relative to the peak potential to provide good reso- 
lution between waves. Fairly large day-to-day variations in the reproducibility of the 
Eti data-have occasionally been observed. However, each reduction peak varies by 
the same magnitude; Le., the AEta values are constant. Further, all of the voltammo- 
mms contain the reduction peak for naphthalene (Efd = -2.326 V vs. SC-E.), 
vA.ich can be used as an internal standard. 

Using the equipment described, the fIngerprint technique requires at least 9 ~g 
of re’lativeIy pure compound in order to obtain positive identification. That is, the 
components of a compkx mixture must be separated by a chromatogranhic technique 
before they can be identified. 

In recent years, increasing attention has been paid to the photochemistu of 
chlorinated compounds such as organochlorine pesticides, PCBs and, to a lesser extent, 
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PC%. Pn view of the high chemical stability of these- compounds, eriviioWnd 
breakdown initi&ed by th& pb~ttihemiczlly activk part of the SO&F 8-m is:@f 
parGcular interest l . Photodegradation of the pohtants may Itid &their =moy;?l 
from the environment, e.g., -thro&.h conversion into insoluble p.olymeric naSti& 9;’ 
to the formation of much less or, alternatively, more highly toxic produm. It 1s 
known that halogenoaromatic compounds &hieEy undergo reductive dechioriktion, 
dimerization and substitution by the .solvent ; however, chlorination atid, possibEy, 
isomerization niay also o&ur. En this section, the limited -amount of infotiation 
availabIe on the photodegradation of PCNs is discussed in more detail. 

In the photolysis of I-monochloronaphthalene in .a mixture of n-hexane and 
ethanol, Szychlinskl ‘g5 observed Cf- formation, which increased when the proportion 
of .ethanol in the mixture was increased. Robinson and Vernon% reported ihat in 
ethanol, I-monochloronaphthalene (concentration ca. 0.1%) is reduced to naphtha- 
lene noticeably faster than it gives I-phenyinaphthalene under similar conditions but 
in benzene. This diEerence is probably due t6 predominant absorption and inefficieent 
sensitization by benzene at the low concentratidns of substrate employed, whereas in 
ethanol the halogen-containing compound itself absorbs the incident If&t. The photol- 
ysis of l-monochloronaphthalene (8.5. 10m2 mM) in degasscd solutions of 50% 
aqueous methanol containing potassium hydroxide has been carried out= using light 
with a wavelength of 280 + 10 nm. Naphthalene was formed, its quantum -yield in- 
creasing with increasing concentration of the base; however, the reaction also took 
place in neutral medium. Under the conditions employed, no formation of naphthol 
(quantum yield < 10-3 was observed. Replacement of a halogen by a hydrogen atom 
probably takes place by electron transfer from the nucleophile (OH-) to an excited 
PCN molecule, and subsequent dissociation of the resulting chloroaromatic radical 
anion into a chlorine atom and an aromatic radical, which splits off a hydrogen atom 
from one of the components of the medium (however, also see below). 

Ruzo et aZ.= carried out irradiations of I- and 2-mono? and L,Zdichloronaph- 
thalene at 300 nm using methanol, cyclohexane and acetonitrile-water ($:I, v/v) as 
solvents. The results are summarized in Table 15. In a subsequent papep, the results 
of the pho:dde_madation of a large series of mono- to tetrachloronaphthaIenes were 
presented. In cyclohexane, naphthalene arrd binaphthyl were the major produce; in 
methanol, however, methoxylated and more highly. chlorinated naphthalenes and bi- 
naphthyls w$re #so formed. However, no evidence was found for the isomerizatiqn 
of I- to 2-monochloronaphthalene, previously claimed by M&medov and Nasibovlao 
to occur next to dechlorination. Ruzo and co-workers reported awide range of de- 
chIorination:.dimerization ratios that indicaFed marked substituent &fiits, which are 
probably both eiectronic and steric in nature. Dechiorination is favoured with PCNs 
that have adjacent (vicinal and peri) chlorine atoms, while unhindered PcNs give 
mostly dimers ; moreovek the former.type. of PCNs show large relative reaction r&es. 

The major organic products found suaest that frti radical intermediates are 
invoived; setisitization experiments in the pr~?nce of benzophenone and experiments 
with atmospheric oxygen indicated the occurrence of an.intermediate t&let excited 

l For a genemldiiion OftIre choice ofconditioas ofirradirrtion, Iaborrrtory mod& for natu- 
r;il c~&itiicns, gem& *heoreticll 2specSs of photo&xnistry, etc., the re;rcfir &I&& c5nsuEc, e.g., 
I&. !H and reg. 9, Ch. 6. 



TAELEIS 

Dk-=+UTiON OF PHOT&‘RODUCTS A&ID QUAk!UM YIELDS FOR REACTION OF 
SIMPLE HALOBIAPHTHALENESQS 

PCN .. So~~enr -. 
.-___.___ A---.- 

@’ DehaiogPnarion” 3inuphrhyis Substir~~;ion Ch/orinarion _ 

1 CK,OK”’ O_QOS 74 25 <I 
1 C&OK-OL 0.002 76 23 <l 
I c6%2 SS 12 
t CK,CN-K,O <l 94 _ . 

: 
41 

2 CH~OH”’ 0.007 58 38 
2 CK~OK4enzophenone 0.007 2 97 1 
2 C&-b 72 28 
2 CK&ZN-KLO 2 94 4 
I,2 Cti,OH 0.012 32 66 2 
I,2 CK,OH-benzophenone 0.014 28 6s 4 

-__-_._-. .._._. _ .._ . ____ _. 
l De_med solutions, 20-60-h irradiations. 

** Yieids were esiimated as percentage of total product formation by comparison with standard 
concentrations of naphthslcne and binaphthyl. 

*** The ma:erial balance on naphthyl residues was >95”/ _ ,., m the early stages of the reaction (6 h). 

state as the principal precursor of both free radical and methoxylated p&ducts. At- 
temptsqs*lO1 to determine the triplet lifetimes of the PCNs by quenching experiments 
led to abnormal behaviour, in that enhanced quantum yields for reaction (PC’N dis- 
appearance and naphtbalene formation) were found with potential triplet quenchers 
such as I ,3cyclohexadiene, biacetyl and trans-stilbene. 

On the basis of the evidence, Ruzo and co-workers concluded that the major 
products in their studies cleariy resulted from C-Cl bond fission, which, however, is 
more likely to involve electron transfer: 

ArCl b+ ArCl* 
x 

----+Ar- f Cl- 

rather than direct homolytic fission: 

kv 
ArCi + ArCi’ --+-AI-- +-Cl- (4) 

This postulate is supported by the fact that the quantum yield for the disappearance 
of l-monochloronaphthalene increases g-fold in the presence of triethylamine, a 
known electron donor. Subsequently, the aryl radical either abstracts a hydrogen 
atom from 2% solvent m&c& or attach a mo&& of star&g material to form a 
dechlorinated product and a binaphthyl, respecti=:ely. Recently, it has been SUE- 
gestedq4$95 that in dimerization and substitution reactions, an aryl radical cation rather 
than an aryl radical reacts with a substrate or solvent molecule. 

In zqueous acetonitrilegs, which can be considered to be a good model system 

for environmental photochemistry, the main photoproducts from monochloro- 

naphthalene are chlorobinaphthyl, I-naphthol and a hydroxylated dimer. In the pres- 
ence of oxygen, the dimers are largely suppressed and I-naphthol is the major prod- 
uct_ A typical reac&n schemeg’ for the photolysis of a polychtoronaphthalene in an 
aqueous system is shown in Fig. 13. 
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Fig_ 13. Photolysis (2.t 300 run) of l,-, 7 &ric~oronaphthalene in an aqueous mediunxw. Decblorim- 
tion, substitution and diinerization reactions are _%zen to occur. 

Lastly, imadiati&witO sunIi&F’ of HaIowax 1014 and 2-m&o; and 15di- 
chforonaphthalene as solid films on quartz produces only insoluble polymeric materia.J- 
In view of the facile generation of %adicals in solution phototihemistry, this. Cesu2t is 
not surprising. 

5’. TOXICI=TY AND METABOLISM 

PCNs (and many other types of chloroaromtitic compounds) have beeti impli- 
cated in various diseases, such 2s chloracne, X-disease ifi cattle and chicken oedema. 

Therefore, in studies on the toxicity ofsuch compounds, e.g., chlorinated naphthaleties, 
one should 21~2~s be aware of the role possibly pIayed by small amounts of highly 
toxic contaminants, such as chlorinated dibenzodioxins and dibenzofurans, for exam- 

ple. * 

The symptoms of this disease, which derives its name from the fact that e&y 
workers blamed nascent chlorine for its occurrence; are the forniation of conedones 
with 0~ without cysts and pustules I2 The foHiti&r orifices are filled with sebaceous . 
and kerafinous material, and nelanosis and :a.sm~ndary inflammatory reaction may 
exist. In some cases aetheroma, pigmentation and ph&de&&itis -have been ob- 
servedI=. Chloracne is one:of the most frequent forms of occupational der&&itis, and 
many cases due to PCNs have been reported (e.g., ref& lOfl25)). The use of chlorinat: 
e’d naphthalenes as substitutes-for natural waxes and rubber in Germany duridg World 
War I led to the first large outbreaL_of chloracne. Massive +tbre& also occurred in 
the late 1930s and 194Qs, clzlefly in th& mantifacture aqd_uskof el&&@‘~&&s &;ose 
cowking w2& 2 fabric impregnated with penta- and ‘hexachloronaphthafenes; 
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with Pas-do% esp=i&Ify when dnly okside of the-body was involved. However, 
ia h&-h? p=Jed =ncIusiveEy that-chEoFcne can also rest& from systemic in~oxica- 
t&t of the h&n subjectwith no external contact; Fumes of PCNs are by far the 
mosbgknh Sohleons kSS SO, and c0nt&3 with the solid substance is of httte impor- 
tance ex=pt under speCi& conditions, such as when friction also occursu7:Even more 
important ii the degree of chlorination of the PCNs. Contrary to the ideas of early 
workers that .a~ the degree of chlorination increases so do the systemic toxicity and 
acneigenic properties, studies. by. Shelley and K.l&na~P, HalnbrickLz3 .and &xV”~ 
(and the large Outbreaks of acne around 1940) have shown unequivocally that whereas 
IEOIIQ-, di-, ti-, tetra-, hepta- and octachloronaphthaienes are entirely non-acneigenic, 
the penti- and hexachtoro derivatives (Halowax 1014) produce very severe chioracne. 
En refs; 123:znd 128, and also in a paper by Plewr, -elz5, details can be found concerning 
the.experimental production of acne in m&e adults, the PCNs being acneigenic in 
man in every area of the body tested. 

The disease occurs independently from chEoracne115, and usually manifests 
itself after an exposure of 4-6 months,. but may occur in as short a time as 7 weeks. 
Occasionally loss of appetite, nausea and oedema of the face and hands are the first 
symptoms. Abdominal pain and vomitin, a. foJ.low, and then jaundice develops1z~xz9; 
Phrm and Jarvik13* reported nine cases with a fatal outcome following exposure to 
PCNs; at autopsy, yellow atrophy of the liver was found. Further reports of liver 
damage in human subjects are given in refs. 112-l 24 and 131-136. In rats, guinea- 
pigs and other test animals, acute yellow atrophy and other liver changes have been 
obse~ed1~~,130-Uz,i37-~~~ in- feeding and inhalation experiments. FOF example, upon 

feeding heiachloronaphthalene to rats, Schoettle et al.“’ observed mild to moderate 
fatty degeneration of the liver with centrilobular vacuotation of the. hepatic cells. 
eal adminisfi-tion ofpentachIoronaphthalene to guinea-pigs caused fat degeneration 
of the liver, toss of weight, conjunctivitis and deathI”. Lastly, degenerative lesions of 
the liver and kidneys occurred’” in young swine fed with hexa&oronaphthafenes, 
wEle necrosis and cirrhosis of the liver have been observed in sheep after ingestion 
of feed containing highly chlorinated naphthalenes’“. From the above results, one 
an conclude_&at PCNs with high chlorine contents +dUce liver damage in Several 
species_ hn man, effects- such as Ieucopenia, Iymphopenia, reduced amounts of 
haemodobin and-&ucose in the blood and hyperacidic gastritis have also been ob- 
servedEC. 

In the U.S.A. in 1941, the term X-disease was applied to a cattle disease of 
unknown etiology. After further outbmaks in 1942-1946, Olafson described’” the 
disease in 1947 and, a few years later, produced evidence*“5?‘ti to show that it is caused 
by tiighly chhxiqated rraphthalenes”‘. 

The symptoti of poisoning include complete weakness, drag,q loop, excessive 
lacrimati~n, night-blindness, diarrhoea, poiyuria, marked. salivation and discharge 

from the nostrils%r~_- Cattle show a rapid dechne in vitamin A plasma levelsLs,“9. A 
chronid cough, pOOF appetite and numerous red maculae in the buccal mucosa develop 

. 
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and hyperkeratosis .of the skin fo-bows. Degeneration of cel.ls .in the pa.n~r& and 
liver and gall-bladder and rem&cortex damage have &o been observed’“~‘SO. In a 
study on the ability of v2rious PCNs to cause X-disease, BeWr reported that di- and 
trichloro derivatives du not produce tie disease in calves, tetrachioronsphth~enes 
have an eirect and the hi:&iy (penta- to octa-)chlorinated naphthalenes cause severe 
disease. However, octachloronaphthalene is less toxic ‘&an hexa- and heptachloro 
derivatives. Similar results have been obtained in various other studies”7~25”-‘?- 
Vlachos and co-workers158~159 reported a rapid decrease in the semen quafity of a bull 
following feeding of highly chlorinated naphthalenes. The first change observed We 

a decrease in mobility of the sperms and a marked increase in the proximal proto- 
plastic droplets; s_permatogeenesis then stopped. Cats, dogs, rats and chickens, im- 
pregnated or fed with PCNs with a high chlorine content, sufferx31~160*16’ typical 
symptoms of X-disease, which appears after varying periods of time. No symptoms 
have been found after administration of PCNs with relatively low chlorine content. 

Chronic periodic inhaiation of chloronaphthalene vapour by rats causes a 
decrease in the urea level of the urine and in the blood-sugar leveP’*. Other changes 
include an increase in the cholesterol and a decrease in the ascorbic acid concentra- 
tions in the blood. Octachioronaphthalene, when fed to rats, greatiy accelerates the 
loss of vitamin A from the liver16’. There is no effect on vitamin A or E in the blood, 
nor does vitamin E in the liver change. According to Hill and Siegmund163, vitamin 
E inhibits the Ioss of vitsmin A from the liver. 

Pigs do not show the characteristic symptoms of X-disease’JS, although hexa- 
chloronaphthalene produces hyperplasia of the vaginal epithelium wiLLh keratin forma- 
tion and a depression of the vitamin A plasma level. According to another reportl”, 
pigs have a much greater tolerance than cattle for PCNs. A similar conclusion was 
drawn by Brock et ~1-l~~ when comparing sheep and cattle. 

(d) Cilicketl oedema” 
In 1957, a disease occurred in a large number of chickens and it was discovered 

that the residue of certain distilled animal fats produces the condition when they are 
added to the chicken diet. The disease was called chicken oedema because it manifests 
itself with hydropericardium and ascites in chickens. Ducks and turkeys experience 
a reduction in growth. 

Toxic fat is not the only product capable of producing the chicken oedema 
syndrome. A mixture of penta- and hexachloronaphthalenes (HaIowax lOI4), when 
fed to chickens, results in chicken oedema 165. On the other hand, Halowax 10.51 has 
no adverse effects166. In a study167*‘68 on the toxicity of some European PCB mixtures 
(Phenoclor DPB and CIophen A6U) and one from the U.S.A. (Arodor 1260), the two 
European products were found to have greater toxicity and to produce centrilobular 
iiver necrosis. Moreover, chicken oedema is a common finding, rare with Aroclor 
1260. Ah three mixtures produced porphyria. Fractionation of the PCB mixtures 
over a Florisif CO~UIIID, followed by GLC and mass-spectrometric and microcode- 
metricanalyses,reveaIed the presence of tetra-and pentachlorodibenzofurans andhexa- 
and heptachIoronaphtha.Ienes in the European samples but not in the Aroclor sample. 
h view of the ~~OWU high toxicity of polychlorodibenzofurens, .these compounds 
must be assumed largely to determine the .(high) toxicity of the Phenoclor -and 
Ciophen preparations. 



The intizrference -of ffafowaxes and other chloroaromatics in the TLC/GLC 
detection of chicken oedema factor has been studied bjr Huang et a1.16g. 

.-~ 

ie) Miscelheous 
Craigie and Hntzinger170 campared the eEects of severaf types of chlOr0- 

aromatic compounds on marine phytoplankton. H~OWZS 1099, at the 100 ppm level, 
kills OlM%&sc~ atid strongly depresses the growth of Thafassiosira~~viat- How- 
ever, it is not toxic to Dunaiiella tertioiecfa. 

2. Metabolism 

Ck=W et al-L” fed a mixture of PCNs (mainly penta- and hexachloronaph- 
thafenes) t0 rats and dogs and found no significant storage of material in _the lungs, 
skin or kidneys, nor was any significant amount excreted in the urine. Apparently, 
the animafs are able to remove the chlorinated compounds promptly. In the dog, an 
increase in the urinary ethereal sulphate fraction, but no significant change in the 
neutral sulphur excretion, was noted after PCN feeding. DrinkeF reported a high 
percentage of chloride in the urine of a dog after administration of hexachloronaph- 
thalene. 

An extensive study on the metabolism of PCNs was made by Comish and 
Hock”*, who administered naphthalene, f-monochloronaphthalene and di-, tetra-, 
penta-, hepta- and octachloronaphthalenes to rabbits. Analysis of the urine samples 
for a large number of excretory products during 4 days indicated that naphthalene 
and mono- and dichloronaphthalene are metabolized readily. Tetrachloronaphthhalene 
is metabolized to a lesser extent in the 4-day period, while the more highly chlorinated 
products do not yield urinary metabolites that could be detected by the procedure 
used by Cornish and Block. Possibly these compounds are metabolized by pathways 
that yield excretory products not included in the study, or they may be deposited in 
tissues and metabolized or excreted unchanged over longer periods of tim.e. Cornish 
and Btock suggested that a high degree of chlorination interferes with the formation 
of a 1,Zdihycho-1,2-dial type of compound, which has been proposed173 as an 
intermediate in naphthalene metabolism. 

~uzo and. co-workers~J7i~175 also studied the metabolism of PCNs. When 
frogs and pigs were given Halowax 1031, whose main constituents are monochloro- 
naphthalenes (Table l), or one of several mono-, di- and tetrachloronaphthalenes, the 

TABLE 16 
SURVEY OF PCN METABOLITFS 

PCN Merubolite hn?naf Reference 

1 CCklcrc-I-napktkcI_ Frog, pig 174,175 
2 3-Cl&r&?-naphtkc1 Pig 175 
1,2 3,CDicklcrc-1-napkthcl Pig 43 
194 2,4-Dicklcm-1-nzphthcl Pig, frog 43,174 
1.2,3,4 5,6,7,8-Tetrz.zckIcra-l- and -2-naphtkcl Pig, frog 43, 174 
1,2,3,4,5,6 - - Pig 43 

- 

* NC isclatabfe metabclite transformation praducts obtain& 



major nietabolites wqe. inv&abty -phenoLi;, products ; dechlorin&orr has not been 
observed with any of.the PcMs investi@ti. . . -- 

The structue of several major metabdites has beeti Bssi&ed OIZ the -basis of 
TLC, GLC and mass-spectrometrk data; the re&t.s -are sW~~~ari&& iEz Table i6. 
The mechanism of the metabolism of 1;4-&chloro~phthd~~e has beea expIai&edG~E7’ 
i& terms of the. formation of an ititial epoxidation of the naphthalene nucleus to @ve 
~II arene oxide, its decompotition being ackmpanied by.a 1,%migration of a halogen 
itE0ill: 

In conf~ast with the lower chlorinated naphthalerres, f ,2,3,4,5,0_hexac~oFo~aPh- 
thaleae does not yield any urinary metabolites. 
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