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" Dears Sir/Madam:
"~ Enclosed for the Agency’s information are two to-be published articles from the
University of Manitoba. The first article reports on dietary accumulation of four specific,

|  synthetically derived chlorinated alkanes in laboratory trout, the second reports on analyscs of
two environmental samples for certain chlorinated paraffin homologs. We submit these

mlcles given EPA’s long-term interest in chlorinated compounds.

Ttis unportant to note that although the first article discusses chlorinated paraffins

(CPs), the compounds tested were four “C-polychiorinated alkanes (C,;HxCis (56% CL by
weight), C,,H,,CL,, (69% CL), C;¢H,,CL, (35% CL) and C,(H,,Cl,, (69% CL)). While these
chlorinated alkanes can be found in industrial chlorinated paraffins products, they do not
represent commerical CP products and their method of synthesis is different.

: We mnd to review these studies more closely and will submit supplemental
- information to EPA shortly. -

Executive"Director
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— ~— — Preliminary report on Concentrations of Chlorinated n-Paraffins in
Sediment and Fish fiom the Detroit Riv-..,
Derek. C. G. Muir'?, Gregg T. Tomy?, Gary A. Stem' and Aaron T. Fisk?

"Freshwater Institute, Dept. of Fisheries and Oceans, Wi
"Dept. of Soil Science and Dept. of Chemisiry, University of
2M2

nnipeg MB R3T 2N6
Mar :oba, Winnipeg MB R3T
Introductioa

Chlorinated paraffins are a class of chicrinated n-alkanes with the general formula C,H,
y+2Cl, ranging from Cyo- Cx and with a chlorine content of 30 to 70%. In Canada, CPs are
classified as priority toxic substances (group 3) and in the US they have been placec on the
Environmental Protection Agency (EPA) Risk Reduction List because of concerns about their

, possible adverse effects on
. *nicity tc hurans.




iver in August, 1995, three each
er ut Lake Eric (Figure 2). At
ized in a stainless steel bucket and

. Three yellow perch and threc channel catfish were gill netted in August, 1995 t the same
- location as the sediment collection at the mouth of the Detroit River at Lake Erie. Fish are not

- aoomally found in the Trenton Channel due to high pollation levels, Fish were wrapped whole in

. hexane rinsed aluminium foil and frozen until analyzed.

-~ Three samples of zebra mussel (Dreissena polymorpha) were collected over the summer
“of 1995 at one location in the Detroit River (same location as sediment and fish sampics) and

- three locations in Lake Erie (West Sister Island, East Sister Island and Sandusky Bay I)(Figure

- 1) Mussels, including shells, were wrapped in hexane-rinsed aluminium foil and frozen until

analyzed.

Air sample extracts were obtained from F. Froude (Atmospheric Environment Service,

- Egbert Ont) from the IADN site at Pte. Petre on Lake Ontario east of Toronto. Air samples

. (~300 m’) were collected on polyurethane foam plugs with glass fiber filters using a General
Metal Works PS-1 highk volume air sampler. PUFs and filters were stored in glass jars and frozen
(-20 °C) until analysis. -

Sample Extraction and Clean-Up :

Extraction procedures were those used in our lab for determining organochlorines in
sediment and biota (Muir et al. 1995; Muir er al. 1990) with small modifications. Sediment
samples were freeze-dried and Soxhlet extracted with dichloromethane (DCM) as outlined in
Figure 2. Organic carbon content of the sediments is being determined by the Freshwater
sulphur. Samples were tnen treated with sulfuric acid/fuming nitric acid. The acid treatment
-served two functions; 1. ioval of pigments and organics associated with the sediment and
secondly removal of aromatic compounds (PCBs, PAHs) which could interfere with mass
spectrometry work and are known to be high in sediment from this region. Florisil column
fractionation provided further clean-up of the samples following acid treatment.

Frozen fish and zebra mussels (shells removed) were ground whole in a meat grinder, and
subsamples were further homogenized by mixing with (heated treated) sodium sulfate.
Following Soxhlet extraction, extracts were split (1:1) for analysis of PCBs and other
organochlorines and CPs. Lipids and pigments were removed using gel permeation
chromatography (GPC), and the CP fraction was acid treated to remove interfering aromatic
organochlorine compounds (PCBs)(Figure 2). Lipids were determined gravimetrically, prior to
GPC and acid treatment..

PUFs Soxhlet extracted with hexane and filters were Soxhlet extracted with DCM.
Extracts were taken up in hexane. Hexane extracts were split (1:1) for analysis of PAHs and
PCBs + CPs. The CPs were separated from most PCBs on a Florisil column.
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Gas Chromatography-Mass Spectrometry

GC separations were performed with a Hewieit Packard 5890 Series Il gas
chromatograph using a 30 m x 6.25 mm DB5 high resolution column, with He as the carrier $as.
The initial column temperature was set at 80°C, held for 1 minute, ramjp.ed to 260°C at a rate of
7°C/mivate, held there for 8:18 minutes, then ramped to 280°C at a rzte of 10°C/minute and held
there for 13 minutes. lheinjectortempentmanduansferimerfacewmsetatZWCand
260°C, respectively.

Electron capture negative ion high resolution mass spectrometry (ECNI/HRMS) was
performed on a Kratos Concept high resolution mass spectrometer (EBE geometry) controlled
using a Mach 3 data system. Selected ion ECN/HRMS was performed at a spectrometer
resolving power ~12000. Methane was used as the moderating gas and PFK as the mass
calibrant. Optimwn sensitivity was achieved at a gas pressure of ~2 x 10" torr, an electron of
~180 eV, an accelerating voltage of 5.3 kV; and an ion source temperature of 120°C.

Results

Quantifying Chlorinated n-parafffins in environmental matrices:

Due to the inherent complexity of commercially available chlorinated n-paraffin (CP)
mixtures, it was necessary to characterize the behaviour of the different individual compounds
(ie, C\H, Cl, C,H,,.Cl, etc.) of known chain length and chlorine number, expected to be
present in thesc mixtures. Specific compounds for study were synthesized by chlorination of
selected pure n-alkenes; the chlorinated alkanes cbtained have electron capture negative ion
(ECNI) mass spectra essentially identical to those of chlorinated »-paraffins having the same
carbon and chlorine numbers (T omy et al., 1995). Based on full scan mass spectra, under our
ECNI conditions, we found [M-CIJ to be the most prominent ion.

Three commercial products were used as standards for quantitation; the first has a C,-C,,
carbon chain length, and ~60% chlorine (Paroil 1160), the second has a Co-C,; carbon chain
length, but with ~70% chlorine (Chlorowax 70-200), while tke third mixtuce, Paroil 1 52, has a
C.-C,; carbon chain length, and 50-60% chlorine. The relation between ths composition of an
industrial mixture and the molecular formulae, C,H,,,.,Cl,, of compounds in the mixture is:

z = c(14x+2)/(35.5-34.5¢)
where ¢ is the mass fraction of chiorine (Muller and Schmid 1984). The composition of Paroil
1169, along with the characteristic ions (i.e., [M-CI}) used in our method and the mass of one of
its isotopes (**Cl), is shown in Table 1.

High resolution gas chromatography elution profiles for all of the components in each of
the mixtures were established, then time windows for each mixture, containing the ions
necessary for monitoring environmental samples, were created. In the ion chromatograms the
area corresponding to these ions in the standard were summed, and compared to the area of the
[M-4CIJ signal for *C,-mirex, which was used as an internal standard: quantification of CP
residues in test samples was achieved by comparison of their signals to that of mirex in the same
manner.

o
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= Cl). Paeoil 152 (C,,.,, 50-60% Cl) was und
**“some of the components of Paroil 1160 that were found in the yellow perch and sediment,

respectively. Organic carbon levels are not zvailable on the sediment sample at this time. Lipid

- percentage in the yellow perch is 3.4%. ,
o Al!otheramplahnvebemextractedandawaitamlysis. Analysis has ! »en slowed by

 instrumental problems over the Past 2 months as well as by the need to quantif, _Ps using three
injections per sample to enable each group of homologs in each commercial product to be
qmntiﬁed separately.

- Table 1. Composition and the characteristic jons used in the quantitation of Paroil 1160 in
"Chain Length Molecular Formula Characteristic lon M(*Ci)
10 CoHuCl, CroH, Cl, 243.0474

' C,oH,,Cl, CioH,,Cl, 277.0084
Ci H,Cl CioH,Cl, 312.9665
C,oH,:Cl, CoH,sClg 346.9275
C,:H,,Cl, C.H\Cl, 291.0241
G H, C, CyH,Cl, Il a9822
C,H,,Cl, C.H,.Cl, 360.9432
C,HCl, CiHyCl, 340.9978
CH,Cl, C,,H,,Cl 374.9588
CH,Cl, CH,Cl, 408.9199
C:H,,Cl, Cy:H,,Cl, 355.0135
C,H, Cl, CH,Cl, 3887 5
C:H,.Cl, CHy,Cl, 422. .5




s the mouth of the Detroit River at Lake Eric (August, 1995).

Sample Cw C., C Co C..C,,  TotalCPs

1. Shert chain, 60% C1 (based oa Parcll 1160)
Sediment 105 270 742 240 i 1,360
Yellow Perch 7 83 75 17 - 251

2. Shert chaim, 70% Cl (based on Chiorowax 70-200)
Sediment 9 45 9 68
Yellow Perch 30 128 25

3. Medium chain, 50-60% Cl (based on Paroil 152)
Sediment - - - -
Yellow Perch - - - -

4. Total (sum of Paroil 1160, Chlorowax 76-200 and Paroil 152)
Sediment 114 315 757 245
Yeii > Perch 106 211 100 26

" C,4~Cy, chain lengths determined only with Paroil 152 as standard

Discussion

To the best of our knowledge, these results represent the first cata on CPs leveis using
high resolution mass spectrometry, and the first which reports CP concentrations according to
homologue groups. Apart from studies near a manufacturing plant (Murray er al., 1988) this is
the first report of CPs in environmental samples in the Great Lakes. Metcalfe-Smith et al., (1995)
were unable to detect CPs, using low resolution mass spectrometry, in sediment ard biota from
the St. Lawrence River near a manufacturing plant in Canada. However, CPs have been found in
terrestrial and aquatic biota in Sweden (Jansson ef al., 1993) and in water and sediment from
Germany (Ballschmiter 1555 “sing techiniques similar to Metcalfe-Smith et al.

Because high resolutic: . ECNIMS was used we believe these data are more accurate than
previous measun.mewn:s which used low resolution MS. There are a lot of potential interferences -
including higher chlorinated s, toxaphene and chlordane compounds which all have similar
molecular weights (i.e. in the range 260- 500 daltons). Some procedures have used less
characteristic ions, i.e. m/z 70-73 (e.g. Jansson er al. 1993), rather than specific individual M-Cl
ions, which could result in overestimation of CP concentrations.

Results are too limited to make detailed comparison with other organochlorine
contaminants in Detroit River sediment znd biota. Concentration of total PCBs (sum of 42
congeners) in sediment and silver bass muscle {similar trophic level as yellow perch) from the
westcmn basin of Lake Erie have been reported as 47.5 ng/g (dry wt) and 82.0 to 1190 ng/g (wet
wt), respectively (Koslowski ef al, 1994). Therefore it would appear that CP concentrations may
be higher than the other major organochlorine contarainant in the Detroit River (G. D. Haffner
1995, personal communiczion). The biological significance of ihese residues are difficult to
assess because toxicologi:s: dz:a on CPs is limited. But CPs are not thought to be as toxic as
PCBs to aquatic life {for ¢.g. they do not inducs wrochrome P450 1Al activity in rainbow trout

&
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Figure 2: Location of sampling sites on the Detroit River. Sediment, yellow perch, channel catfish

andzehammsdswaeeollectednsamplingsite#l. Sedimen' from the Trenton Channel
was collected at sampling site #2.
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ABSTRACT

Thetr:,; % 00Mr:., Wiag juvenile rainbow trout (Oncorhynchus mykiss), were conducted with four
“C-pol, chiorinatou <lioenes (CHuCl (56% CI by vright), C,,H,Cly, (69% C1), C,H,,Cl; (35%
T ant 1y ), (6% CD) i order to measwie Lioaccumulation parameters, metabolism and
tissue Jist ibukicos. Thes: chiorinated alkanes ars found in industrial chlorinsted peraffin (CP)
Freducts, althou; s their method of sy~thesis is different than CPs. Trout were cxposed for 40 days
*0 gowinal concentiaticas of 20 and 200 ng'g™ of each chiorinated alkane, as well 2,000 ng-g” for
CyoH; Cly, followed by up to a 173 day climination period. Whole body half lives in the rainbow
effiiencies of C,¢h, Ly (33 to 35%) and C,,H,,Cl,; (34 to 38%) were highest among the four
alianes. Bion .gnification factors ranged from 044 for C,H,Cl; to 2.15 for C,H,Cl,..
Accumulation of C,dHy, Clys (MW = 674) may be sterically hindered due to its large molecular size.
Low chloriuated alks.es, e.g. C,(H,Cl,, had shorier half lives than higher chlorinated alkanes,
yrobably due to incre sod metabolism. HPLC-"C analysis of fish tissue extracts revealed that the
chlorinated alkar- wrixtares ware selectively biotransformed with certain unknown compenents
persisting ir. tissuss. Lower chlorinated alkanes had greater proportions of polar “C, which implies
greater wetahc lisrs of thee eornpounds. Highly chlorinated, short carbon chain (C,,. ;) alkanes and
lower chlor..e'ed, medivn caibon chain (C,q ) alkanes appear to have the greatest potential for
biorcagniti - don among CP components. No reduced growth rates or hepatic monoxygenase
mzye -uction were seen in any of the chlorinated alkane exposures when compared with
TR

Keyword - Chlcrinated paraffins  Polychlorinated alkanes  Rainkow rout  Bioaccurnulation
Bty wirrsidon

INTRODUCTION

Chlninated wafac (TFs) are & class of polychlorinated alkanes, that are used as
plasncizers, flame retardarts, high presswe lubricants and in a number of other industrial
spplomdoac {7 33, L% vary v both cacton chaia leagth (10 10 30 carpons) and chlorine conieni
(357 to 69% ch'rvins & weighty, and cons.. of 1000’s of possible strctural isomers. Despite
relstively Jatge robal producion of CPs (360 kilotornes per anaum) {3] there is relatively little
intommaton og ir v ~hosicel<hemice] prorertie:, bioaccumulation potential, aquatic toxicity or
savirnonestsl e £Latow: amdy in Sweden, found CPs to be the most prevalent organochlorine
Jathizs e atxlsar g, t 0 masine fisk sampl: « end one freshwater fish sample [4].

Bicac xer Ze e Tam is neadd for a corapte.. ecological risk assessment [S), however this
type . Udsta o CPs s Juiie fimitcd. Bengtsson ana ).stad {6) exposed blzaks (Alburnus alburnus)
0 turee fomrysations 3 (73 & Tering i carbon chati, lerzth and degree of chlorination, and found-
that ey hao diffeiers vpehe and el bnat jn rates. Turnes, Bengtsson et al. [7] noted that CPs of
stort carbon cheia gt a5 2 low chlorination had the highest uptake rate in fish. High molecular
weight T3 (MW > £0.) have: been found 10 kave low, or non-existent, accumulation in fish [7-9].
Although the: - . uides peovide some broad infenaation on CP accumulation in aquatic food webs,
all of these x> wonts used induseial CF procducts wad did not provide data on specific
chlcuinared =i o <+ of karwn sabon chain length or CI convent.




‘and high K,."s [11] that vary with

Cu (CyH,Cl, (56% Cl by weighe) and C,;H,(Cl,, (69% C1)) and two C,, (C,oH,,Cl, (35% CI) and
CitliCl,; (69% CD) compounds, and are found in CP commercial products. We hypothesize that,
Iike PCBs [16] and chlorinated dioxins and furans (PCDD/Fs) [17], certain chlorinated alkanes

11 may be mors persistent as a result of the number of Cl and the length of the carbon chain. These

AL -|'rummmf“wm°fm“mm

~ - A second objective of this work was to evaluate the toxicity of chlorinated alkanes by
‘monitoring growth rates and general health of the rainbow trout, and to measwre CYP1A1 mixed
5 ﬁncﬁmo:qmmymwﬁvitybymmimﬂhoxytmnﬁn-o-deethyhse (EROD) activity
in liver. There is onc report of clevated EROD levels in female flounder (Platichthys flesus)
wmmmmdmwucrmna}

e " MATERIALS AND METHODS
Chemicals and Food Preparation

2 o M'Wmnammmmﬁamwmommwm

[19). The [1-"C] dodecanes contained 55.9 and 68.5% chlorine (mean of 5.9 and 9.8 chlorine atoms

. _per molecule, respectively). The [1-“C] hexadecane had 34.1% chlorine (3.3 chiorine atoms per

molecule), and the (U-“C] hexadecanc had 69% chlorine (13.4 chlorines per molecule). For
simplicity, the number of chlorine atoms in each compound have been rounded to the nearest

Food was spiked by suspending a known quantity of each chlorinated alkane standard in
lSOmlofhe:m\eandlwgofcommucialﬁdafood(Mnﬁn’sFeedMillsLtd.,EIthN,
fﬁ)iﬁﬁywlpaﬁhgm&ymafoodmmfa%hmandmedulwc
The fish food consisted of 41% protein, 14% lipid and 3% fiber. Concentrations in the food were
determined by the same snalytical techniques used to determine levels in the rainbow trout tissue
(see below), and axe found in Table 1. Control food was treated in an identical manner, but without
the addition of a chlorinated alkane compound.

Experiment

mmm(mmximﬁumz-u)mwwuw
food for 40 days followed by 160 (C,,HyCli, CoH;Cljo and CyH,,Cly) 10 173 days (CyeH,,Cly) of
wmdﬂym:of&edﬁumequlmoﬂbcmmwﬁmadnmhawm
eoneehdaﬂa-ud:mplingpeﬁod.ﬁﬂyﬁshmusdinwnmlmklandd:edneeC..H,.Cl.,
treatments, and 36 fish were used in the remaining treatments. Three fish were sampled from each
treatment for “C determination on days 5, 10, 20, 30 and 40 of the uptake period, and days §, 10,
20, 40, 80 and 160 (or 173 for C,H,,Cl;, treatments) of the depuration period. Six additional fish in
the C,;H,,Cl,, high concentration treatment were exposed 1o the chlorinated alkane spiked food for




O oJdhewwm

wmmmmm_ﬁmmms@uﬁshmwm: (¢}
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m(mdudummcmsphugm‘ ines, and adipose fat associsted with these
mnuﬁlamm).-ﬂm(mleﬁshminnsﬁvumdmm).Eachtiswe
(Mﬁingﬁem)mmiahdmdmlyudmﬂyfor“cwvhy.maywof

in 0.5 0 2.0 ml HEPES-KCI (0.02 M
size,mdhanogmwaemtriﬁxgedfor
n & coldroom at 2 °C. The sapernatants were

Instruments Inc., Irvine, CA, USA). “C counts were corrected for

prepared from ““C-toluene (Dupont Chemical Company), and were automatically corrected for

background by the LSC. Lipids were determined gravimetrically using 1 ml of the supernatant
Toluen: tracts of selected samples (day 40 of uptake and day 20 of depuration) were

tm!yzedbymexse-phseP[PLCtoamﬂmcomposiﬁOnofﬂxc“Ccountsinﬂxestandardand

ﬁshmﬂxedaywupm!ocsampleswaechosm

Lipids were first removed from the samples using gel permeation chromatography (GPC)
followed by elution through a Florisil column. The GPC columns (id. 29.5 mm, length 400 mm,
500 mL reservoir) were packed with 60 grams (dry weight) of 200-400 mesh Bio-Beads® S-X3
beads (Bio-Rad Laboratories, Hercules, CA, USA), which had been soaked in DCM:hexane (1:1)
ovemnight. The column was eluted with 300 m! of DCM:hexane:; the first 125 ml contained linide
and were discarded. The remaining eluate containing the chlorinated alkanes, was evaporated to
1 L for Florisil clean-up. After adding the GPC eluate to the Florisil column (8 grams of 1.2%
deactivated Florisil), the chlorinated alkanes were recovered by successive elution with 42 mL of
hexane, 38 mL of 85% Lexane:15% DCM and 52 mL of 50% hexane:50% DCM. The Florisil
ehﬁonsmcanbinedandﬂ:encvaporamdtoneardrytwsmderagenﬂem

(Varian Canada Inc.,

with a Prep Nova pak HR C-18 column (Waters Division of

Millipore, Milford, MA, USA), an autosampler and an automated fraction collector. The mobile

plnscusedford:ecu-chloﬁnmdallmnesamplwconsimdofmmnnd 10% water; 3

minute fractions were collected over a 60 minute period. For the C,s-chlorinated alkanc samples a

mobile phase of 90% acetontrile and 10% water was used, and 4 minute fractions over 80 minutes
were collected. Fractions were counted using L.SC.




Data analysis
M'mmmwbyﬁﬁngaﬂﬁshmdﬁmwdgmdmwmmmﬁdmdelan
:ﬁ:hweiﬁt#a+b&ne(dlys);whueakamadbisdzmwe)[20].Chlowinaﬁed
'Mmmwmmmmwmmfmm
—mmwﬂeﬁdmmmmwﬁmm
: VWMN&WMof&kheﬁcmeeqmﬁmfuwmdimmm
' : Cou ™ (@FCy/k)*[1 - exp(-ket))
whueFisﬂnefeedingme(lipidoonmd).C_ismeeonea\mﬁonintheﬁsh(lipidbasisandgmwth
cmected).c..isdlewncumﬁminthefood(ouaﬁpidhsis).mdtis&eﬁmeof
Feedingm(l-‘)ismmnedwbel.mofthebodywaigh
of the food (14% - determined in the same manner as pid £ 2 ) fish
ﬁwwﬁmm@mmwm&dmmﬁmphmdmmaﬁm«dedeayman
'emc.-a*bﬁme(dm);ﬁueaiummmd”sthedepu'uionme).lsqtﬂlibrimbiomagniﬁuﬁon
VMMWFM?M&WBMF-II‘F&Q
Differences between growth rate constants
mmmﬁnﬂbymﬁngﬂuhammﬁtyofﬂopuinmmlysisofmm
Wm:m»amdwmmhofdimﬁﬁmn&ﬁmﬂ:memuthep<
0.05 Jevel of significance.

RESULTS
Effects

mmmuofmcuﬂnd..mmebwwmﬁmc,,ﬂ,Cmed&

i Cl,mmfmmdwbeﬁniﬁanﬂyhigham&ﬁmmol
mhmm&nc..ﬂ,,d,mmhhwmdmﬁmmﬁmc“
m‘(&mp<&05)ﬂauel).3mdmﬂemlmhkmﬂkdyﬂmﬂndﬂaimd
alkmuhﬁmugﬁweﬂ‘aaonﬁemw&ofjuwﬁbnhbowmmmmwdsfm
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the liver growth rates, with the controls having the slowest growth rates (Table 1). A fin rot disease
spread through the control 2, low concentration C,,H,,Cl, and both C,H,,Cl, treatment tanks,
unhgammbuofmﬂiﬁnﬂom.moﬁhchfemdﬁshmmedfordamunlysis,m
since there is no pattern to the mortalities with respect to treatiment, and the affected tanks were side
byﬁde,itismﬁhdymmediswewmamnofthechbﬁmdalkmem. Liver
somatic index (LSI = [liver weight/whole fish weight * 100]) and lipid percentages did not vary
between trestments (Table l).dd:oughﬂnpcrccmgeﬁpidincmasedthm@omtheexpeﬁmmt

ERODlevelshchloﬁnmdalkaneWrﬁnbowuommmthidnrﬂmnmn-
expoadmhbowuunmﬁehacouecﬁonday(dayw)ofupmhgwnespondmgwm“eight
liver concentrations (ng'g"') on day 40 of: 16.2 £ 1.0 (mean + 1 S.E.) for C,;H,Cl; 234+ 0.3 for
CiaHiClyg; 27.9+ 3.1 for C,H,,Cl,; and 75.6 & 5.0 for C,H,,Cl,,.

Bioaccumulation paramerers

Accumulation of all four chlorinated alkanes from food by juvenile rainbow trout was cbserved
(Fig. l)bydaySoftheupukzpthoneofthcfoweompomdsmchedsteadystateaﬁerw
days of exposure (Fig. 1), and the C,H,,Cl,, did not reached steady state after 80 days of exposure
(data not shown). The depuration rate in rzinbow trout exposed to C, 615, Cl, was significantly more
rapid than the depuration rates of rainbow trout exposed 1o CHxCl, CH,Cl,and CH,,Cl,
(Table 2). With the exception of the C,H,,Cl;, depuration rates for cach chlorinated alkane did not
differ significantly between concentrations (p <0.05) (Table 2), although no comparison was made
between the two C,,H,,C treatments because data was not available for exactly the same time
period of depuration for the lower concentration exposure (26.2 ng'g"). Trends of depuration rates
inwholeﬁshwueconsismnwid:depmﬁonmsdetemﬁnedusingorw concentration data from.
carcass tissue. Whole body half-lives varied from 37 + 2 days in the C,H;,C], high concentration
treatment to 87 + 11 days in the C,;H,,Cl,, low concentration treatment (Table 2).

Assimilation efficiencies (a) based on whole body concentrations ranged from 94 + 1.1 %
in the medium concentration C,;H,,Cl,; treatment to 37.6 1.1 % in the low C\.H,(Cl,, treatment
(Table 2). Whole body BMFs varied from 0.44 in the medium concentration C,H,,Cl,- ‘reatment
# 2.15 in the iow concentration C,H,,Cl,, treatment. Assimilation efficiency ana BMF values
alaﬂaﬁedwithwholebodyandwcasﬁmonlyooncmaﬁonswemsimﬂarand followed the
same trends for all four chlorinated alkanes.

Tissue distribution and metabolic transformation

The carcass contained the greatest percentage of “C (including extractable and non-extractable)
ﬂnwghomﬂnc&peﬁmmtforaﬂfowcﬂoﬁnmdﬂhncs,mngingﬁomw%mmmm7mﬁ
(Table3).mmhﬁvcproporﬁmot"‘Cinmsedinthecamassovmime,dmmainlytoimeasing
amounts of non-extractable ““C. There was a slight drop in relative amounts of extractable C in the
GItmctﬁomthebegimhumﬁlmemdofthcupmkcphase,whichismbablydmtoﬂ:em
proportion of “C in the GI tract resulting from the undigested spiked-food in the gut. Non-
extractable “C decreased in the liver GI tract over time, which could be explained by the high
turnover of the liver and GI tract lining. Reiative amounts in the liver were low because the liver
accounted for only about 1.5% of the total fish weight. Both extractabie and non-extractsbic MC
decreased in the liver throughout the experiment, providing evidence thar metabolic wansformation
of chlorinated alkanes may occur in the liver.




Cy- and C,alicanes

} had lmmd'm extractable *C, or

mama;mumcmofmw

R TE DISCUSSION
Chlorinsted alkanes with 12 and 16 carbons and 35 - 69% Cl content (by weight) are

13 sccumlawd trough diey exposme by juveile rinow st i et

with CPs, accumnlation of chlorinated alkanes is

18 - o the carbon chain length (6], number of chiotines [3), and molecular size of the molecule [9). The
i llh fm’ - &

M«hcuwmmmmwmm.mof

"~zsuaan(wsouﬁmwanmmmmoffmcmu_m

K. (log K,.'s of C,H,,Cl; end C,H,,Cl,,
13, despite an increase in K,, (log K,,'s of Ci¢Hy,Cl, and C,;H,,Cl,, are approximately 6.9 and 7.4,
respectively; G. R. B Webster, personal communication). The C,;H;,Cl,, was found to have the
The reduced vptake of the C,(H;,Cl;, may be due 1o its’ large size (MW = €74) [24-26). Low
QﬂeoﬂqndiinCPshdmmebyZi&ommfmndeindusﬁdCP
~ products with high moleculsr weights (MW = 579-922) showed little bicaccumulation in juvenile
Atlantic salmon. '

@Wﬁﬁﬁiiﬁﬁﬁwmﬁm)
CPs with 71% Cl had a “mean effectiveness in
7 which the assimilation found for a less chlorinated (49%
'"G)C“CPWM[G].Wefoundtlmnnhminchlorimﬁonofcu-chhhmd
Mmhnmhmﬁmeﬁuuy.mmﬂnﬁmeﬁdmyofﬂn
wmmrhmwmwmmmmm
MWWWWM.MMINJEMwnMM
octachlorbiphenyl in guppies (Poecitia reticulata) (28).
~Mﬁmdwwm&ﬁsmmmmwmw
3 ﬁn-'m[mmmummw.wmmpﬁm 16.5 days in dorsal
_mmscle t0 23.9 days in the viscera of rai i
chiorinated paraffin, about half , ’ 1aHinCls. Bengtsson ef al [6]

wmqﬁmm<7M)oﬁ4”6Cl:hmM(Cm,)CPmHomver,

Beagtseon er al. [6] reported that there was no elimination of a short chain (C,q 1)) CP with 71% Cl
'ﬁslsmmmm@munnnmwmmbu
cm,wn&wnmummmmwmww
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Bengtseon ¢f al, [ﬂmdﬂiﬁhmﬂﬂoﬁmhﬂshh&hmﬂﬂ@skm

well be that the CPs in Bengtsson e7 al, [6] work were metabolically transformed, but the Cl
remained ir the fish

TheC.,H"Cl,.wmﬂdbcexpectedtobimmiﬁyinaqmﬁcfoodwebsbasedon

eql.n'h'brimnbimmgniﬁuﬁonﬁcﬁots(BMF)of!.?GandZ.lS.ABMFvalmmﬁmom

greater than one. The C,H,,Cl,, and
biomagnifyinaqmﬁcfoodwebsbasedonapredicmdequﬁh‘bxiumBWof

0.44 to 0.50 and 0.60 1o 0.93, respectively.
: methemﬂnofﬂmameﬁnmn,happeusthnthemhﬁonshipofbioacmﬂaﬁon
carbon chain length and chlorine content of chlorinated alkanes is complex. Although
metabolism of short chain CPs (Cio13) with low chlorination may reduce accumulation, low
chlorinated medivm (C,.,,) and long (C,y4) chain length CPs may be less susceptible to
metabolism because of the carbon chain length [30]. High chlorination of short chain chlorinated
alkanes results in sufficient accumulation for biomagnification, but makes medium and long chain,
i i through biclogical membranes without hindrance.
The results suggest that, despite having some cheracteristics of bioaccumulative chemicals (i.e.

high K., low biotransformation rate), highly chlorinated (>60%), medium (C,, ) and tong (Cyss0)
mbonchinaﬂnnsmmtliblywbinmagnifthmﬁcfoodwebs.Aﬁmhmcmﬁ)mding
factor, to which we could not address with these “C-labelled chlorinated alkemes, is the position of
tbechlo:inaonthecubonchain.TheHPLCchmmatognm i
clﬂuim!edalkmmwithinﬂlestnndmﬂswemmmaﬁng

in invericoraics, fish and mammals with other chicrinated compound: zuch as
chlordanc [31), toxaphene [32] and PCB [33], nceds farther study.

These experiments provide the first dictary bioaccumulation parameters far ciioinated
an:answithasinglewbonchainleugthmdhom amount of chlorine, although the positions
and exact number of chlorine atoms are not known. From Bergman et ol. {19}, an:? v own HPLC
work.itappeusﬂntd:enumberofchloﬁnemnspcroompound in each standsd 15 cloze to the
hﬂqudmasﬁgndhﬂdswpa,ﬂ&mgbdmmmn—selecﬁmvmhesismfmm&
"Cconmomdgﬂmesmudmdsmlﬂ(dywmposedofnummmpcmdsmdpoﬁ&om
isomets.OonfoundingthispmblemistheidmﬁcaleleckOnmmxenegaﬁve ion (EFNI) mass
spectra of CP congeners contrining similar carbon and chiorine atoms (G. T. Tomy, personal
wmmmicaﬁm),makinghdimcuhmidenﬁfymech!oﬁmwdanmbasedmdﬂoﬁm
substitution patterns.

There is evidence that CPs are oxidized in fish [30,34), with short carbon chain (C,,,,) CPs
being more susceptible to metabolism than medium (Ci1s) 2and long chain (Cyy4) CPs [30].
Ahlman er al [35] have found sulphur-containing metabolites of CPs in rats, implying that CPs
may covalerily bind to biological macromolecules. Lower Cl substitution resulted in greater
relative amounts of non-toluene extractable “C for the €y and C,, chlorinated alkanes. Because the




mhmwmmmanmofwmul.mmzmm@ly
M.‘.&-‘.%{{.’m,}%ﬁhﬁcﬁ inm i mediom chain (C,,,) CPs have the
wpmnﬁalforhiomnuhﬁonbyaquﬁcm
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dietary exposure to juveni... =unbow triat rth:sﬁemtmmmdumrofﬂme
fish. Concentrations are for whoie fish, conecmdﬂorsrowﬂxddmnmdhmdconmﬁxpomre
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Figure 2: {IPLC chromaingrams of the 14C-polyhlorinated alkane standards and fish carcass
to'uene extracts from day 40 of upuake #r:4 day 20 of depuration. Each bar in the C,;-chlorinated
alkane and C,,~chlorinated alka.:. chror atngrams represent the radioactivity in 2 three or four
mmﬁmmwy.uatmmofnummmy
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