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1.0 IDENTITY OF SUBSTANCE

1.1 Name of Substance

IUPAC Name: 1,4-Dichlorobenzene

Synonyms and Trade Names:
p-dichlorobenzene
p-dichlorobenzenol
paradichlorobenzene
para-dichlorobenzene
para-dichlorobenzenol
1,4-dichlorobenzene
PDB
PDCB
Di-chloricide
Paracide
Paradi
Paradow
Paramoth
Santochlor
Parazene
Paranuggets
paraCrystals
p-chlorophenylchloride
Evola
Persia-Perazol

CAS Number: 106-46-7

PSL Name: 1,4-Dichlorobenzene

1.2 Characteristicsof Substance

1,4-Dichlorobenzeneis a neutral, colourless, flammable solid
at 25'C, with an aromatic odour (U.S. EPA, 1986). 1,4-
Dichlorobenzeneis a cyclic aromatic compound with two hydrogen
atoms on the benzenering substitutedwith chlorine'hemolecular
weight of 1,4-dichlorobenzeneis 147.01 g/mol and the empirical
formula is C,H4Cl,. The structure of 1,4-dichlorobenzeneis
presentedin Figure 1-1.

1,4-Dichlorobenzenecontains less than 0.14 monochlorobenzene
and trichlorobenzenes,and less than 0.54 each of 1,2- and 1,3-
dichlorobenzene(Kao and Poffenberger,1979).

1.3 Analvtical Methodoloav

Analytical methods used to quantify 1,4-dichlorobenzenein
environmental media include gas chromatography with flame
ionization or electron capture detection and gas



chromatography/massspectrometry (Oliver and Nicol, 1984, Oliver
and Bothen, 1982).

2 ' PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical characteristicsaffecting the
environmental fate and toxicity of 1,4-dichlorobenzeneare
presentedin Table 2-1. It has moderatevapour pressure(90 Pa
25'C), a moderateoctanol/waterpartition coefficient (log K
3.4) and a low water solubility (79 mg/L 9 25'C).

.3 ' SOURCES AND RELEASES TO THE ENVIRONMENT

3. 1 Natural Sources

No natural sources of 1,4-dichlorobenzene have beenidentified.
3.2 AnthrooocrenicSources

3.2.1 Quantities in Use

ProductionVolume and Trends

1,4-Dichlorobenzeneis producedin Canada. Annual production
of total dichlorobenzenes(1,2- and 1,4-dichlorobenzene)between
1987 and 1990, averagedbetween 5 kilo tonnes and 6 kilo tonnes.
The production value is actually lower as it includes imported
crude material which the companyprocessesfurther once in Canada.
Currently, one Canadian producer manufactures both 1,2-
dichlorobenzeneand 1,4-dichlorobenzene. From 1989 to 1991, the
number of companies which were listed as chemical suppliers in
Canada decreasedfrom seven to three (ProcessIndustries Canada,
1989 to 1991). The Canadian demand for 1,4-dichlorobenzene
remained steady from 1985 to 1990 (Table 3-1), averaging
approximately 3 500 tonnes per year, and this is not expectedto
changeuntil 1995 (Camford Information Services, 1991).

In the United States,seven companiesproducedan estimated
27 500 tonnesof 1,4-dichlorobenzenein 1978 (U.S. EPA, 1982). In
1990, three companies reported a production capacity of 62 600
tonnesof 1,4-dichlorobenzene(ChemicalMarketing Reporter, 1990).
The demand for 1,4-dichlorobenzenein the U.S. in 1990 was 36 300tonnes.
3.2 2 Imports and Emorts

Volume of Imoortation
The total amount of 1,4-dichlorobenzeneimported into Canada

was steadyfrom 1986 to 1990, averagingabout 2 785 tonnesper year



(Table 3-2). In 1989, 1,4-dichlorobenzenewas imported from the
United States,Brazil and West Germany (Environment Canada, 1990,
unpubl.).

Volume of Emortation
In terms of trade, 1,4-dichlorobenzene accounts for

approximately 80% of all dichlorobenzeneimports and the bulk of
Canada's exports. The United States, Asia, South America and
Central America are key export markets.
3.2.3 ManufacturinaProcesses

1,4-Dichlorobenzeneis producedby chlorinatingbenzenein the
presenceof a Friedel-Craftscatalyst (Kao and Poffenberger,1979).
The usual catalyst is ferric chloride, either as such or generated
in situ by exposing a large surface of iron to the liquid beingchlorinated (U.S. EPA, 1986). Through the manipulationof processcontrols such as type of catalyst, temperatureand the benzene-
chlorine ratio, it is possible to maximize the production of
specific chlorobenzenes.Each of the chlorinatedbenzenes,except
hexachlorobenzene,can be chlorinated further, hence the compoundis always a mixture of chlorinatedbenzenes. Pure compoundsare
obtainedby distillation and crystallization.
3 '.4 Uses

In Canada, the sanitation industry is the largest domestic
market for 1,4-dichlorobenzene. 1,4-Dichlorobenzene is used
primarily in air fresheners,as a deodorizer in urinals, and as
moth and bird repellents (Camford Information Services, 1991;
Davis, 1992 pers. comm.). There are currently five plants in
Canadawhich formulate a total of 12 commercialproductswhich use
1,4-dichlorobenzeneas the active ingredient in pesticides(Davis,
1991 pers. comm.). Data on use patterns for this substancewereidentified for the period 1977 to 1979 when 99.3% of the annual
demand was used in the production of deodorantblocks and 0.7% in
the productionof moth crystals (EnvironmentCanada,1983 unpubl.).
Camford Information Services (1991) forecastsa slight increasein
the use of 1,4-dichlorobenzenefrom 1900 tonnesto 2500 tonnes for
1995.

In the United States,1,4-dichlorobenzeneis usedextensively
as a moth repellent (U.S. EPA, 1986). In 1990, 1,4-dichlorobenzene
was used in space deodorants and moth control agents (40%),
exported (25%), and used in the productionof polyphenylenesulfide
(PPS) resin (25%) and 1,2,4-trichlorobenzene(10%) (Chemical
Marketing Reporter, 1990). However, the traditional uses of 1,4-
dichlorobenzene,in spacedeodorantsand moth control agents, are
expected to decline in the long term whereas production of PPS
resin is expectedto grow (Chemical Marketing Reporter, 1990).



3.2.5 Releases

There is limited quantitative information on anthropogenicreleases of 1,4-dichlorobenzeneto the Canadian environment.
Because of its volatility and dispersive use patterns, it isestimatedthat the majority of the Canadiandemand (3 500 tonnes)is releasedto the environment. Releaseof 1,4-dichlorobenzenetothe environment may result from any stage in the production,transport, use and disposal of 1,4-dichlorobenzene-containingmaterial. A summary of concentrationsof 1,4-dichlorobenzeneinvarious effluents released to the Canadian environment is
summarizedin Table 3-3.

Industrial and Municipal Wastewater

Releasesof 1,4-dichlorobenzenein effluents from organic andinorganic chemical manufacturingplants in Ontario were reportedunder the Municipal/Industrial Strategy for Abatement (MISA).
Under the MISA program, 1,4-dichlorobenzenewas detectedbetween
October 1, 1989 and January31, 1991, in effluents dischargedfromorganic chemical manufacturing plants at Sarnia and Corunna,Ontario to the St. Clair River; loading values were estimatedto
range between 0.002 and 0.365 kg/day. Also, under the MISA
program, loading values ranging between 0.001 and 0.055 kg/day,were reported for the St. Lawrence, Welland and Mary's Rivers,Ontario (OME 1992, unpubl.; OME 1992a). Loadings ranged between
0.001 to 0.005 kg/day 1,4-dichlorobenzeneinto the St. Mary'
River, and Lake Superior, the NiagaraRiver and Lake Ontario, from
two of 28 inorganicchemicalplantsmonitoredbetweenDecember1989
and January1991 (OME, 1992b).

Oliver and Pugsley (1986) reported that 1,4-dichlorobenzene
had been released into the St. Clair River in substantial, butunquantified amounts, prior to the early 1980's. The source wasrelated to leakage from an industrial chemical plant site and alandfill site in Sarnia, Ontario. Oliver and Charlton (1984)reported that the major source of 1,4-dichlorobenzeneto Lake
Ontario was from the Niagara River with an approximateloading of
23 kg/day 1,4-dichlorobenzenefor the period from May to November,
1982. Chemical dumpsite leachatesand direct dischargesappearedto be the major sourcesof 1,4-dichlorobenzeneto the NiagaraRiver
and Lake Ontario (Oliver, 1987a). Oliver (1987a) reported a
loading value of 5 800 kg/year (-16 kg/day) 1,4-dichlorobenzeneto
Lake Ontario from the Niagara River for the period between
September1981 and April 1983. Based on concentrationsof 1,4-
dichlorobenzenein sewage plant effluents by Oliver and Nicol
(1982), and total sewage treatmentdischarge,Oliver (1987a) wasable to estimate loadings of 1.8 kg/day (660 kg/year) 1,4-
dichlorobenzeneto Lake Ontario. The sourceof 1,4-dichlorobenzeneto the Niagara River was attributed to direct discharges from
chemicalmanufacturersand over 200 chemical waste sitesalong the
River (Oliver and Nicol, 1982). Kuntz and Wary (1983) reported



that the NiagaraRiver was a significant sourceof organochlorines
to Lake Ontario. Loadings of 1,4-dichlorobenzeneto Lake Ontario
from Niagara River suspendedsediments were estimated at 0.85
kg/day (310 kg/year) for the period 1980 to 1981.

Data from sedimentcores from Lake Ontario indicate that 1,4-
dichlorobenzene has been accumulating in the sediments for
approximately60 years (Durham and Oliver, 1983; Oliver and Nicol,
1982). The authorsdemonstratedthat levels of 1,4-dichlorobenzene
in sedimentcore samplesfollowed known production levels and use
patterns for this substancein the United States. A dramatic
increase in production of 1,4-dichlorobenzeneoccurred after the
early 1940's and reacheda peak during the 1960's when production
of chlorobenzeneswas at a maximum.

Twenty-sevenpulp and papermills which dischargedirectly to
surface water in Ontario were also monitored under the MISA
program. 1,4-Dichlorobenzenewas detectedin the processeffluent
from five mills with maximum concentrationsranging from 0.22 to
9.60 pg/L from January 1, 1990 to December 31, 1990 (OME, 1991a;
1991b). 1,4-Dichlorobenzenewas also measured in five of ten
Canadian textile mills sampled in a 1985/86 survey of Canadian
textile mill wastewater. Concentrationsof 1,4-dichlorobenzene
were reported to range up to a maximum of 71.1 pg/L (Environment
Canada, 1989). King and Sherbin (1986) conducted a one-day
effluent survey to characterizepoint sourcesof organic chemicals
in industrial, municipal and landfill effluent at the petrochemical
industrial site at Sarnia, Ontario in 1985. 1,4-Dichlorobenzene
was detected in landfill leachate, stormwater, and runoff from
industrial, municipal and non-industrial sources prior to
discharging into the St. Clair River. The Township Ditch
integratesthe dischargeand runoff from the industrial, municipal
and non-industrialsourcesbefore releaseinto the St. Clair River.
A maximum concentrationof 19 000 ng/L was detected in untreated
leachate before carbon treatment. After carbon treatment,
concentrationsof 5 000 ng/L 1,4-dichlorobenzenewere measuredin
the Township Ditch. The authors noted, however, that because
samples were collected on one day only, their loading estimates
cannot be assumedto reflect long-term averagevalues.

In a 1987 monitoring programof wastewatertreatmentplants in
the Vancouverarea, 1,4-dichlorobenzenewas detectedin five of six
treatmentplant effluent samples from the Iona Island Wastewater
TreatmentPlant. The mean contaminantconcentrationfor composite
effluent sampleswas less than 240 ng/L (range &10 to 390 ng/L).
The contaminantlevels found in the two grab sampleswere 170 and
700 ng/L (Fanning et al., 1989). Since the 1987 data were
collected, a deep sea outfall was put into service that replaces
the previous surfacedischargeon SturgeonBank. The new outfall
dischargesprimary treatedeffluent at depths of 70 to 100 metres
into the Strait of Georgia, near Vancouver, British Columbia.



Loadingsof contaminantsin urban runoff from 12 urban centres
in the Canadian Great lakes basin was reported by Marsalek and
Schroeter-(1988). Mean annual loadingsof 1,4-dichlorobenzeneinto
.five sub-basinscorrespondingto Lakes Erie, Huron, Ontario, St.
Clair and Superior ranged from 0.0003 to 0.013 kg/d with the
highest loading measured from Lake Ontario: the combined basin
loading value was 0.022 kg/d.

The effectivenessof three sewagetreatmentplants in Ontario
(Welland, Waterloo and Gait) receiving municipal and industrial
wastewaterwas reportedby Melcer et al. (1988). Removal of 1,4-
dichlorobenzenein the effluents over a 8 day period ranged from
53% in the Waterloo plant to 65% at the Gait plant (based on
geometric means). Mean concentrationsof 1,4-dichlorobenzenein
the effluent ranged from 900 to 1 400 ng/L. The authorswere not
able to determinewhetherthe removal was attributedto degradation
or stripping as no air samples were taken. Removal of 1,4-
dichlorobenzenefrom municipal wastewaterat a pilot-scale plant
and an aeration basin in southern Ontario was investigated by
Melcer (1990). The mean removal of 1,4-dichlorobenzenefrom thepilot plant was 81.7% compared to 74.5% for the aeration basin.
Stripping was the major removal mechanismwhereasbiodegradation
and adsorptionwere limited removal mechanisms.

In a 1979 study of chlorobenzenesin bottom sediment,effluent
and biota near a coking oven, a chlor-alkali chemical plant, atextile plant, and a control site in Nova Scotia, MacLaren Marex
Ltd. (1979) reported levels of total 1,3- and 1,4-dichlorobenzene
in water samples from the outfall into which the textile planteffluent was dischargedand from a sewer manhole close to the
plant. The two water samplescontained levels of total 1,3- and
1,4-dichlorobenzeneranging from 7 500 to 9 400 ng/L.
Other Sources

Anaerobic transformation of the trichlorobenzenes(1,2,3-,1,3,5-, 1,2,4-trichlorobenzenes)yielding dichlorobenzenes in
laboratory columns packedwith sedimentsfrom the Rhine river was
reported by Bosma et al. (1988). After 300 days of continuous
operationof the column at concentrationsin the influent ranging
from 300 to 500 nmol/L, the trichlorobenzeneswere transformedinto
1,2, 1,3- and 1,4-dichlorobenzenes.In experimentswith individual
isomers, 1,4-dichlorobenzene was formed from 1,2,4-trichlorobenzene. The fact that the sediment column containing1,2,4-trichlorobenzenewas transformed to 1,4-dichlorobenzene,indicates that specific enzymes and/or microorganisms areresponsiblefor the observedtransformations.

Three incinerator technologieswere tested in the mid-1980's
under Environment Canada's National Incinerator Testing and
EvaluationProgram (EnvironmentCanada, 1985a; EnvironmentCanada,
1988). The main objective of this program was to define the



optimum design and operating conditions to minimize emissionsof
concern. 1,4-Dichlorobenzenewas not analyzedseparatelyfrom the
rest of the chlorinatedbenzenes,so there are no data which are
relevant to this assessment.

Sources in the United States
Production of 1,4-dichlorobenzenein the United States has

resulted in emissions from vents, exhaust fans, liquid product
storage,handling and the vacuum systemwhich servicesthe vacuumstills (U.S. EPA, 1986). Emission factors, which are general
estimatesderived from site visit measurements,are presentedin
Table 3-4.

The majority of 1,4-dichlorobenzeneproduced in the United
Statesis used in space, toilet bowl and refusedeodorants. These
deodorantproductscontain up to 1004 1,4-dichlorobenzene. It is
estimated that all 1,4-dichlorobenzeneused in solid space and
garbagedeodorantswill enter the atmosphereby sublimationduring
production or use (U.S. EPA, 1986).

An estimated635 kg/yr of 1,4-dichlorobenzenewere emitted
into the atmospherefrom pesticide formulation in 1978 (U.S. EPA,
1986). It is estimated that all 1,4-dichlorobenzeneused in
pesticideapplicationsare releasedto the atmosphere;the exact
amount of releasedepending on volatility and application form.
There are no emissions data available for the production of
polyphenylene sulfide (PPS), a commercial polymer with many
industrial applications (U.S. EPA, 1986).

Analysis of 9 hazardouswaste incinerators and 4 co-fired
boilers in the United States suggested the emission of 1,4-
dichlorobenzeneas a product of incompletecombustion (PIC) (U.S.
EPA, 1991). 1,4-Dichlorobenzenewas emitted from full-scaleboiler
tests, with a geometricmean emission rate of 474.0 pg/min. 1,4-
Dichlorobenzenewas one of the most prevalentPICs from pilot-scale
afterburnertests, emitted in at least 674 of the tests, with a
geometricmean emission rate of 80.8 pg/min. 1,4-Dichlorobenzene
exhibited significant emission rates from pilot-scale stack
sampling; a mean emissionrate of 255.8 yg/min was reported.

In 1987, about 15 kg of asheswere obtainedfrom 18 municipal
incineratorsrepresentingone-fourthof all the presentlyoperating
incinerators in the United States (Shane et al., 1990). Twenty
ashes including fly ash, bottom ash and mixtures of the two were
analyzed for a range of organic toxicants and mutagens. 1,4-
Dichlorobenzenewas detectedin 3 ashesat concentrationsranging
from not detectableto 51 yg/kg (detection limit — 5 ng/g).

The Toxic ReleaseInventory (TRI) database(Marcos, 1992),
which monitors emissionsfrom stationaryindustrialsources,showed
a releaseof 602 tonnes for the year 1989 into air, water and land



(Table 3-5) compartments. Of that amount, the majority of the
emissions (854 or 514 tonnes) was releasedto the atmosphere.
Comparisonof environmentalreleaseto U.S. demand (36 300 tonnes)
in 1990, indicates that 1.6% of the total demand of 1,4-
dichlorobenzenewas releasedto the environment.
4 ' ENVZRONMENTAL TRANSPORT. TRANSPORMATION AND LEVELS

Volatilization, photooxidation,partitioningto soil, sediment
and biota, and aerobicdegradationare the main processesaffectingthe transport and distribution of 1,4-dichlorobenzenein the
environment. Direct photolysis, hydrolysis and anaerobic
degradationof 1,4-dichlorobenzeneare not expected to play an
important role in its environmentalfate.
4.1 Transportand Distribution Between and Within Media

4 ~ 1 ~ 1 Air

Long range transportof 1,4-dichlorobenzenein the atmosphereis expectedconsideringthat the mean half-life in the atmospherefor photooxidationof 1,4-dichlorobenzeneis approximately three
weeks (Mackay et al., 1992).

1,4-Dichlorobenzenewas detectedin the rain-dissolved
phase during seven rain events from February to April, 1984 inPortland, Oregon. The presenceof 1,4-dichlorobenzenein the rain
phase indicates that the substancepersists long enough to bereturnedto the earth'ssurfaceby atmosphericwashout (Ligocki etal., 1985).

The products of atmosphericreactionsof 1,4-dichlorobenzene
in the atmosphereare not well known. Irradiation of 5 ppm(v) 1,4-
dichlorobenzenein the presenceof 0.5 ppm NO~ was conducted inultrapureair for 20 hrs. Dichloronitrobenzene,dichlorophenolanddichloronitrophenolwere the products identified (Spicer et al.,
1985) .

4.1.2 Water

Transportand distribution of a substancebetweenand within
media in the aquaticenvironmentis dependentupon its solubility,
movement of the water itself, exchanges at the air-waterinterfaces, adsorption to sediment and particulate matter, andbioconcentrationin aquaticorganisms. The residencetime in wateris also dependent upon the type of environmental conditions
encountered,including temperatures,wind speeds,currents,and icecover.

Fresh SurfaceWater



Laboratoryand field studiesindicatethat 1,4-dichlorobenzene
volatilizes readily from the water column to the atmosphere. At, a
concentrationof 300 mg/L, 1,4-dichlorobenzenevolatilized almost
completely from aerateddistilled water in less than 4 hrs and from
non-aerateddistilled water in less than three days (Garrison and
Hill, 1972). Callahan et al. (1979) calculateda half-life from
aerateddistilled water of less than 30 minutes, compared to a
half-life in unaeratedwater of less than 9 hrs~ However, for the
aerated solution, the authors did not recommend this value as
aerationprobably causedair-strippingof the 1,4-dichlorobenzene.
Rippen et al. (1984) reporteda volatilization half-life for 1,4-
dichlorobenzeneof 21 hours basedon a OECD draft method for a 1-m
water depth at 25'C (OECD, 1979). Schwarzenbachet al. (1979)
reported that mass transfer to the atmospherewas the prevalent
elimination mechanismfor 1,4-dichlorobenzenefrom a lake. Using
a simple steady-state model, the authors estimated that
approximately 60 kg of 1,4-dichlorobenzenewere transferredfrom
Lake Zurich in Switzerland to the atmosphere. Based on
physical/chemicalparameters,Mackay et al. (1992) calculated a
half-life in surfacewater of 672 to 4 320 hours (basedon aqueous
biodegradationhalf-life).

Volatilization was the major removal mechanismduring studies
carriedout in an experimentalmarinemesocosmin NarragansettBay,
Rhode Island (Nakeham et al., 1983). The authors reportedhalf-
lives ranging from 10 days in summer to 13 and 18 days in winter
and summer, respectively. Biodegradationand adsorptionwere found
to be insignificant removal mechanisms. Comparing laboratory and
field estimates,volatilization processesshould be significantly
faster in sea coastalwaters, where the water body is usually more
turbulent, than in the experimentaltanks.

Zoetemanet al. (1979) estimatedhalf-lives in surfacewater
by observingthe reduction in concentrationof 1,4-dichlorobenzene
at locationsalong the Rhine River in The Netherlands. Half-lives
ranged from 1.1 to 26 days over a study period from 1972 to 1979.

Groundwater

Land disposal of sewageeffluents.to soil has been shown to
provide a direct source for introduction of 1,4-dichlorobenzene
into groundwater(Bouwer et al., 1981; 1984; Hutchins et al., 1983;
1984; Barber et al., 1988; Barber, 1988). Three mechanismsof
importancein the transportand fate of 1,4-dichlorobenzenein soil
percolation systems are biodecomposition, sorption and
volatilization. The detection of 1,4-dichlorobenzene in
groundwaterafter land applicationof wastewaterin both Phoenix,
Arizona (Bouwer et al., 1984) and Fort Devens, Massachusetts
(Hutchins et al. 1983), indicated to the authors that although
transformation of 1,4-dichlorobenzenemay have occurred from
percolation through the aerobic zone little degradation was
observedin the anoxic aquifer. In Phoenix, concentrationsof 1,4-



dichlorobenzenewere monitored in effluent and groundwaterafter
applicationof secondarywastewaterto infiltration basinsduring
two samplingperiodsof threemonths each from 1980 to 1981 (Bouwer
et al., 1984). Nonchlorinatedsecondarywastewaterwas usedduring
the first sampling period, and chlorine was added to the effluent
.during the secondsampling period. 1,4-Dichlorobenzenedecreased
-during percolation through soil during the first sampling period
-with percentageconcentrationsdecreasesin the groundwaterranging
from 33 to 484. 1,4-Dichlorobenzenedecreasedto a lesserextent
during the second sampling period with percentageconcentration
decreasesfrom 3 to 244. Hutchins et al. (1983) reported an
averageinfluent concentrationof 0.243 pg/L and averageeffluent
concentrationsof 0.042 pg/L 1,4-dichlorobenzene,correspondingto
a 834 removal for the study period from November 1980 to May 1981.
The authorsattributedthe removal of 1,4-dichlorobenzenefrom soil
columns.by biodegradationand biosorption to be the predominant
processeswith abiotic degradationand volatilization as minor
processes.

1,4-Dichlorobenzenewas reported to be both persistentand
mobile under anaerobic conditions in the leachate plume of a
municipal landfill of North Bay, Ontario (Reinhard et al., 1984;
Barker et al., 1986). 1,4-dichlorobenzenewas detected800 m from
the landfill confirming the low sorption capacityof the North Bay
sandyaquifer (0.01%). Attenuationof 1,4-dichlorobenzeneappeared
to be by dispersiononly (Reinhard et al., 1984; Barker et al.,
1986). The presence of 1,4-dichlorobenzenein a plume of
contaminatedgroundwaterat a distanceof more than 3 500 m from
sewage disposal beds near Falmouth, Massachusetts, in 1984,
indicated little degradationduring infiltration (Barber et al.,
1988). The persistenceof 1,4-dichlorobenzenein the aquifer (30
years) was attributedto redox conditionsand nutrient limitations
(carbon and oxygen) that were unfavourable for microbial
degradation(Barber, 1988).

Wastewater

Greater than 99% removal of 1,4-dichlorobenzenewas observed
in activated-sludgetreatmentof wastewaterin a California water
pollution control plant (McCarty and Reinhard, 1980). An influent
concentrationof 1 900 ng/L was reduced to (20 ng/L, after waste
segregationand activatedsludge treatment. Hannah et al. (1986)
evaluated pilot-scale less-than-secondarytreatment processes
designed to remove toxicants in Cincinnati, Ohio. A control
activated sludge process was operated in parallel with five
alternativetreatmentprocesses.The conventionalactivatedsludge
system provided the best removal of 1,4-dichlorobenzeneand the
facultative lagoon with its long detention time (25.6 days) were
the most successfulprocesses. The remaining four alternative
processeswere less effective in removing 1,4-dichlorobenzene,
percent removals ranged from 19 to 65%.
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4 ~ 1.3 Soil
Volatilization from a soil surface can be an importanttransportmechanism,however, volatilization may be attenuatedbysorption and leaching (Howard et, al., 1990). Mackay and Yuen

(1983) stated that the presenceof organic or mineral sorbing
suspendedsolids will reduce the volatilization rate by reducingthe fugacity or partial pressure. Based on its estimatedorganic
carbon sorption coefficient (K ) of 1 030 (calculatedusing the
formula of Mackay et al. (1992)), 1,4-dichlorobenzenehas a lowsoil mobility potential (McCall et al., 1981).

Evidence for leachingof 1,4-dichlorobenzenein soil was beenreported by Wilson et, al. (1981), and Elder et al. (1981). 1,4-
Dichlorobenzenewas appliedat concentrationsof approximately0.2
mg/L to columns containing 140 cm packedsandysoil (0.09% organiccarbon). Concentrationsof 0.80 and 0.13 mg/L 1,4-dichlorobenzene
applied to the column for 45 days resulted in a significant,
proportionof 1,4-dichlorobenzenepercolatingthrough the soil (37%
and 494, respectively). The remaining 634 and 514 were degradedor
unaccountedfor. The presenceof total dichlorobenzenes(1,2-,1,3- and 1,4-dichlorobenzene)in soil samplesadjacentto hazardous
waste disposalsites in NiagaraFalls, New York, demonstratedthatthe compounds had leached from the dump sites. Bouwer et al.
(1981) attributed the removal of 1,4-dichlorobenzenein secondarytreated municipal wastewater applied to three soil columns tovolatilization and biotransformation. A concentrationdecreaseof
424 was reportedover a two week period as water moved through thesoil at the Phoenix, Arizona site.

Based on physical/chemicalproperties,Mackay et al. (1992)calculateda half-life in soil of 8 months, while Howard (1991)reporteda half-life ranging from 4 weeks to 6 months.
Sediment

Based on physical/chemicalproperties and loadings of 1,4-
dichlorobenzenefrom the NiagaraRiver to Lake Ontario, Oliver andCharlton (1984) estimated that only a small percentageof 1,4-
dichlorobenzene(1%) is expectedto sorb to sediments. Releases
from sediments can occur by resuspension, redistribution anddesorption (Oliver, 1985; Oliver and Charlton, 1984). Little
anaerobicdegradationof 1,4-dichlorobenzeneis expectedto occur
below surfacelevel. Once in the sediments,1,4-dichlorobenzeneis
expectedto equilibratebetweenthe pore water or the organicphase
(Di Toro et al., 1991).

Surveys of Lake Superior, Huron, Erie, and Ontario indicatedthat 1,4-dichlorobenzeneaccumulatedin bottom sediments,with highconcentrations at the 0 to 5 c0 core depth and decreasingdramatically from the 5 to 8 cm core depth (Oliver and Nicol,
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1982). There was no significant changein the relativeproportions
of 1,4-dichlorobenzenewhen proceedingdown Lake Ontario cores,indicating that little degradation had occurred. Oliver and
Charlton (1984) observed that 1,4-dichlorobenzeneadsorbedonto
bottom sedimentsfrom the Niagara River and were resuspendedinto
the overlying water and redistributedin sedimentationbasins in
Lake Ontario. The authorswere able to estimatethe approximate
amount of 1,4-dichlorobenzeneloading to the Niagara River (23
kg/day), to the lake sediments (0.3 kg/day) and the downflux of
contaminant as percentageof loading (14) in 1982. Oliver andCharlton (1984) also suggestedthat due to its vapour pressure,volatilization would be a major removal mechanism from LakeOntario.

Based on field observations,Oliver (1985) reportedthat a 1
mm thick sediment layer in three sedimentationbasins in LakeOntario is continually being resuspendedthen resettling to the
bottom. With a near bottom temperatureof 4 'C and the activelayer containingabout 2% solids, the averagedesorptionhalf-life
under theseconditions is about 60 days. Oliver (1985) observeda
slow desorptionof 1,4-dichlorobenzenein a laboratorystudy usingthree sediment samples represent.'ngthe three basins from LakeOntario. After 39 days at 4'C (averagenear bottom temperaturein
Lake Ontario), 304 of 1,4-dichlorobenzenewas desorbed fromsedimentsduring continuous purging experiments. Increasing the
temperature to 20 C and 40'C after 39 days, resulted in thedesorption rate increasing to 394 and 60%, respectively. Thecontribution of 1,4-dichlorobenzeneloadings via desorption from
bottom sedimentsin Lake Ontario was estimatedto be minimal (11
kg/yr) in comparisonwith the loading estimatesfrom the NiagaraRiver (5 800 kg/yr) to Lake Ontario (Oliver, 1985). Based on a
mass balancecalculatedby Schwarzenbachet al. (1979), a maximumof 2 kg of the 60 kg of 1,4-dichlorobenzeneeliminatedduring one
year was incorporatedinto bottom sediments.

Based on a review of the literature, Nackay et al. (1992)selected a half-life of approximately 2 years for 1,4-
dichlorobenzenein the first 1 cm of sediment.

Oliver and Nicol (1982) comparedthe relative proportionsofdifferent chlorobenzenecongeners in surface and buried (older)sediments,and concludedthat there was little evidenceof eithermicrobial oxidation or anaerobicdehalogenationof chlorobenzenesin sedimentsfrom Lake Ontario.
Biota

1,4-Dichlorobenzenehas the potential to be available toorganisms in the water column and sediments. However, due to itswater solubility and vapour pressure,Oliver and Charlton (1984)suggested that 1,4-dichlorobenzeneis 'ore likely to remaindissolvedor volatilize from water. Oliver (1987b) observedthat
12



the potential for bioaccumulation for benthic organisms comes
mainly from the sedimentpore water rather than from ingestion of
contaminatedsedimentparticles.

Bioconcentrationfactors for a number of organismshave been
determined for 1,4-dichlorobenzene'. Barrows et al. (1980) and
Veith et al. (1980) reporteda bioconcentrationfactor (BCFs) in
bluegill sunfish (Leoomis macrochirus)of log 1.78 (60) (whole fish
basis). Bluegill sunfishwere maintainedat equilibrium in a flow-
through system for 14 days (mean water concentration:7.89 pg/L)
and exposedto pollutant-freewater for a period of 7 days. Half-
lives in tissue of less than one day were 'estimated by both
authors. The Aquatic Toxicity ResearchGroup (ATRG, 1987) exposed
juvenile male flagfish (4 to 6 months old) for a 28-day period to
unmeasuredconcentrationsof 5 pg/L followed by a 14-daydepuration
period. Measuredbioconcentrationfactors for 1,4-dichlorobenzene
were 296 for whole fish and 3 590 for lipids. A reportedhalf-life
of &1 day indicatesthat 1,4-dichlorobenzeneis rapidly depurated.
Oliver and Niimi (1983) reportedslightly higher BCFs of log 2.56
and 2.85 (370 and 720, respectively) for rainbow trout
(Oncorhvnchusmvkiss) at low and high exposurelevels (whole fish
basis), respectively. Equilibrium was attainedwithin seven to
eight days over the 105 and 119 day study, respectively. Oliver
(1987b) studiedthe uptakeand depurationof 1,4-dichlorobenzenein
spiked Lake Ontario sediments(4.6% organic carbon) by oligochaete
worms. A half-life of less than 5 days was reported in the worms
after a 79 day exposureperiod in the contaminatedsedimentand a
84 day depurationperiod in cleanLake Superiorsediment. Basedon
physical/chemicalproperties, Mackay et al. (1992) calculated a
half-life in biota of &1 day in fish, and &5 days in worms.

Pereira et al. (1988) determined BCFs for four species of
biota in a field study in the vicinity of an industrial outfall in
the CalcasieuRiver estuary,Louisiana. BCFs (lipid basis) for the
spottedsea trout (Cvnascionnebulosis),blue catfish (Ichtalurus
furcatus), Atlantic croakers (Microoocronias undulatus) and blue
crabs (Callinectessaoidus), were log 4.09 (12 302), log 3.51 (3

A bioconcentrationfactor is defined as:

BCF

Concentrationof chemical at steadystate
in organism (wet weight)

Mean concentrationof chemical in water

or

BCF
Uptake rate constantat steadystate
Elimination rate constant
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226), log 3. 91 (8 128) and log 4. 53 (33 884), respectively.
Calamari et al. (1982) reported bioconcentration factors

: resulting from tests on developmental stages of rainbow trout
(Oncorhvnchusmvkiss). In 7 and 60-day bioconcentrationtestson
developmental stages from egg to alevins in a continuous flow
system, bioconcentration factors ranged from 100 to 450 and
increasedto 1 400 at day 23 of the 60 day early life stagestudy
in the rainbow trout. Ahmad et al. (1984) reporteda comparable
bioconcentrationfactor of Log 2.05 (112) (whole fish) in fathead
minnows (Pimeohalesnromelas) exposedfor 32 days during an early
life-stagetoxicity test.
4.2 Transformation

4.2. 1 Biodecrradation

Aerobic degradationof 1,4-dichlorobenzenehas been observed
in wastewater,groundwater,soil, and in sedimentunder acclimated
conditions. However, poor biodegradationactivity was reported
under anaerobic conditions. Reductive dechlorinationof higher
chlorobenzenesto 1,4-dichlorobenzenewas reported in anaerobic
sediment.

Air

Howard (1989) reports that 1,4-dichlorobenzenewill exist
predominantlyin the vapour phasein the atmosphere. The half-life
for the vapour phase reaction of 1,4-dichlorobenzenewith
photochemicallyproduced hydroxyl radicals in the atmosphereis
estimatedby Howard (1989) to be 31 days.

Surfacewater

The persistence of 1,4-dichlorobenzeneunder denitrification
conditions and at concentrationscommonly found in surface and
groundwater was demonstratedby Bouwer and McCarty (1983). No
biotransformation of 1,4-dichlorobenzenewas reported after 11
weeks of incubation, in the presenceof denitrifying bacteriaand
at initial concentrationsranging from 41 to 114 pg/L.

Wastewater

Microbial degradationof 1,4-dichlorobenzeneunder the static-
flask-culture test was reported by Tabak et al. (1981) using
wastewater inoculum, a seven-day acclimation period, and three
weekly subcultures. After seven days, 55% 1,4-dichlorobenzene
added at 5 mg/L was degradedand 37% was degradedat the 10 mg/L

.levels. A slight increasein biodegradationwas observedafter thefirst subculture, however, subsequentsubculturesdemonstrateda
reductionof the biodegradationrate. During the third subculture,
at 10 mg/L of substrate,no biodegradationwas observed. This
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resultwas ascribedeither to loss of the synergisticactivities of
the original microbial population or to the build-up of toxic
metabolites (Tabak et al., 1981).

1,4-Dichlorobenzenewas biotransformedduring long-term (3
years) continuous-flowaerobic column studieswith acetateas the
primary substrate (Bouwer and McCarty, 1985). Average removal
efficiencies of 1,4-dichlorobenzenein a 1 mg/L acetate-grown
biofilm column, rangedbetween984 (after 9 months removal) and 994
(between9 and 36 months removal) and after an acclimationperiod
of 20 days. An increasedacclimationperiod (60 days) was required
in 5 mg/L biofilms with removal efficiencies at 844 (after 5
months) ."." 984 (between5 and 32 months). In similar studieswith
mixed bacterial cultures and under aerobic and methanogenic
conditions, significant degradation (98-99%) was observed in
aerobic biofilm columns (Bouwer and McCarty, 1984; Bouwer, 1985).
No transformation (0%) was reported in the methanogenicbiofilm
columns (Bouwer, 1985).

Cantonet al. (1985) investigatedthe biodegradabilityof 1,4-
dichlorobenzene in a Repetitive Die Away Test (RDA) under
unacclimatedconditions. The test was not endorsedby OECD as the
compounds volatilized (approx. 434 evaporated from nonaerated
standardizedmedium within two days at room temperature). 1,4-
Dichlorobenzenewas biodegradedwithout adaptationof the inoculum,
with an unacclimatedbiodegradationhalf-life of 2 to 3 weeks.

Groundwater

Aquifer columns simulating saturated-flowconditions typical
of a river water/groundwaterinfiltration system, indicated that
1,4-dichlorobenzenewas biodegradedunder aerobicconditions (Kuhn
et al., 1985). After three weeks, the overall level in the
effluent was reduced by 90% of the input concentration (0.2 yM).
1,4-Dichlorobenzeneappearedto be utilized by bacteriaas the sole
energyand carbonsource. Column studiesconductedunder anaerobic
conditionsshowedno biotransformationof 1,4-dichlorobenzeneover
a 90 day period.

Based on physical-chemicalparameters,Mackay et al. (1992)
calculated a half-life in groundwater of 1 344 to 8 640 hours
(basedon an aqueousaerobic biodegradationhalf-life).
Soil

Schraa et al. (1986) reported degradation of 1,4-
dichlorobenzeneby the aerobic bacteria Alcaliaenes strain A175
isolated from a mixture of soil and water samples. Doubling time
of the organism in batch culture was about 8 hours, and degradation
of 1,4-dichlorobenzenewas observedafter about 2 months. Growth
of 1,4-dichlorobenzeneon Alcalicrenes strain OBB65, a gram
negative, peritrichously flagellated rod, was demonstratedby de
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Bont et al. (1986). The doubling time of the organism on 1,4-
dichlorobenzenewas reportedto be 15 hours. No transformationof
1,4-dichlorobenzenewas observed for a period of 500 days in an'erobic soil percolation column inoculated with cells of'seudomonastestosteroniand containing a mixture of 1,2-, 1,3-,

- and 1,4-dichlorobenzene(Schraaand van der Meer, 1987). Haider et'l. (1981) demonstratedthat a dichlorobenzenemixture (60% 1,4-
dichlorobenzeneand 40% 1,2-dichlorobenzene)was slowly degradedby'he soil bacteria (Pseudomonas~s .) cultivated on benzene (up to

: 12% releaseof marked CO~ after 7 days). Thesecompoundsproved to
be resistanceto biodegradationin a soil grab sample test (7% CO,releases after 10 weeks). It was suggested that a longeradaptationperiod was required, or that degradationproductswere
harmful to the microorganisms(Haider et al., 1981). van der Meeret al. (1987) tested the ability of native soil microbial from
Rhine sedimentsto aerobicallybiodegrade1,4-dichlorobenzenein a
mixture of sand and sediment from the Rhine River. No
biodegradationof 1,4-dichlorobenzeneby the native soil microbial
populations was observed during the 200 day experiment. Uponinoculation of cells of Pseudomonassp. strain P51 with influentconcentrationsof 600 yg/L 1,4-dichlorobenzene,rapid degradation
of 1,4-dichlorobenzenewas observedover a 77 day period until athresholdconcentrationof 40 pg/L was reached. In two additionalinoculation experiments with soil columns containing influentconcentrations of 80 and 10 pg/L 1,4-dichlorobenzene, nodegradationwas observed for 1,4-dichlorobenzene. A thresholdconcentrationof 30 pg/L was observed for aerobic degradationof1,4-dichlorobenzene. The authors suggestedthat the thresholdconcentrationbelow which no degradationof 1,4-dichlorobenzene
occurred due to a complex number of interactions between soil
adsorptionsites, metaboliccharacteristicsof the bacteriaand thesubstratespresent.

The potential for biodegradationof 1,4-dichlorobenzeneat lowconcentrationswas demonstratedby Bouwer and McCarty (1983; 1984,
1985) using the biofilm kinetic approach. In laboratory studies
simulating aquifer conditions, mineralization of 1,4-
dichlorobenzenewas observed in the presence of acetate as a
primary substrate. Ninety-eightpercentof 1,4-dichlorobenzenewas
removedafter a 10 day acclimationperiod and 10.8 pg/L of influentsolution. However, no biotransformationof 1,4-dichlorobenzenewasreportedunderdenitrificationconditions in batchstudiesafter 11
weeks of incubationand at concentrationsof 41 to 114 yg/L (Bouwer
and McCarty, 1983).

Biodegradationof alpha-hexachlorocyclohexane(alpha-HCH) in
a contaminatedsoil slurry (organic carbon content, 0.9+ 0.06%)
seededwith anaerobicsewagesludgeresultedin an increasein 1,4-
dichlorobenzene(Bachmannet al., )988). 1,4-Dichlorobenzenewaspresent in the original soil slurry at a concentrationof 1.53
mg/kg and increasedto approximately3.5 mg/kg after 100 days. A
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degradationpathway of alpha-HCH proposedby the authors involved
conversion of alpha-HCH to pentachlorocyclohexene(PCCH) by
dehydrochlorination, followed by conversion of PCCH to
tetrachlorobenzeneand trichlorobenzene,which in turn were further
dechlorinatedto 1,2- and 1,4-dichlorobenzene.

Sediment

Holliger et al. (1992) reported the reductivedechlorination
of 1,3,5-trichlorobenzeneto 1,4-dichlorobenzenein enrichment
cultures supplementedwith lactate as the electron donor and
inoculated with anaerobic sediment from the Rhine River. 1,4-
Dichlorobenzenewas formed after a lag phaseof approximatelyone
year. Bosma et al. (1988) reportedthe anaerobicbiotransformation
of 1,2,4-trichlorobenzeneto 1,4-dichlorobenzeneafter 300 days in
a laboratory column packed with Rhine river sediment. 1,2,4-
Trichlorobenzenewas biotransformedto 1,4-dichlorobenzeneas an
intermediateand monochlorobenzeneand chloride as end products,
following a lag of 7 days. However, 1,4-dichlorobenzenewas
transformedonly after a complete removal of 1,2-dichlorobenzene
and a relatively high concentrationin the influent solution (300-
500 nmol/L).

SewaaeSludae

Removal of 1,4-dichlorobenzenefrom sewagesludge by aerobic
biodegradation,volatilization and stripping has been reported.
1,4-Dichlorobenzenehas also been reportedto be a byproductof the
dechlorinationof higher chlorinatedbenzenesin sewagesludge.

Calamari et al. (1982) reported slow biodegradationof 1,4-
dichlorobenzenein treatmentplant sludge. Degradationbeganafter
14 days at 20'C and completedisappearancewas observedat the end
of the 28-day incubationperiod. Degradationwas dependenton the
concentration of the compound; complete degradation of 1,4-
dichlorobenzenewas observed at low concentrations (8 mg/L),
comparedto 38 and 04 degradationin two solutionscontaininghigh
concentrationsof 1,4-dichlorobenzene(40 mg/L).

Biodegradationof 1,4-dichlorobenzeneby a Pseudomonasspecies
isolated from activatedsludge was reportedby Spain and Nishino
(1987). With 1,4-dichlorobenzeneas the sole carbon source,
biodegradationbeganafter 10 monthsof enrichmentand the doubling
time for the Pseudomonasspecieswas 5 hours. The fate of sewage
sludge spiked with 1,4-dichlorobenzene,with and without azide to
prevent biological activity, was reportedby Kirk et al. (1989).
The authors attributed the removal of 804 of 1,4-dichlorobenzene
during the 32 day period to biodegradation. Anaerobic digestion
was not considereda significant removal in azide treatedsludge.

The biodegradabilityof 1,4-dichlorobenzenewas studiedusing
the Organization for Economic Cooperationand Development (OECD)
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closedbottle test (Topping, 1987). The major proportion of 1,4-
dichlorobenzenespiked into raw sewageof an activatedsludgeplant
(&67%) was found in the supernatant liquor after 2 hours
sedimentation,10% volatilized, and 22% was adsorbedonto primarysettledsolids. At a high aerationrate (2 L/min), volatilization
was the major removal mechanism for 1,4-dichlorobenzene. In a
modified porous pot test, operatedat a low aeration rate, at
temperaturesof 8, 15, 204C, and a sludge retention time of 3 and
6 days, overall removal was high (&95%). Under normal operatingconditions, &76% is expected to be removed by biodegradationprocesses, with the overall removal greater than 95% during-aerationof activatedsludges.

The fate of contaminatedsludgeapplied to soil at two sampledepths (0 cm to 15.2 cm and 22.9 cm to 38.1 cm) over a 241 dayperiod was studied by Demirjian et al. (1987). Sludge containing
415 pg/kg 1,4-dichlorobenzenewas applied to a field plots at anapplicationrate of 448144 kg/ha. After 5 days, the concentration
of 1,4-dichlorobenzeneincreasedto 432 pg/kg at the 1 cm to 15.2
cm depth and was not detectedat the lower depth. After 122 days,1,4-dichlorobenzenehad degradedto 104 pg/kg at the upper depth
and was detected at 41 gg/kg at the 22.9 to 38.1 cm depth,indicatingpossibleleaching. 1,4-dichlorobenzenehad increasedto
230 pg/kg in upper cores after 241 days and decreasedto 28 IUg/kgin the lower core. The authors attributed losses of 1,4-
dichlorobenzenein the surface layer of the soil to degradationoradsorption.

Fathepureet al. (1988) reportedthe reductivedechlorination
of hexachlorobenzeneto tri- and dichlorobenzenesin anaerobic
sewagesludge. Greaterthan 90% of hexachlorobenzenewas degradedto 1,3,5-trichlorobenzene,while the remainderwas transformedto1,2,4-trichlorobenzeneand ultimately 1,4-dichlorobenzene.

Ahiotic Dearadation
Hvdrolvsis

Under the range of conditions found in the Canadianenvironment and the difficulty with which aryl halides undergonucleophilic substitution, hydrolysis of 1,4-dichlorobenzeneinambient water is unlikely to occur (Morrison and Boyd, 1987;Callahanet al., 1979; Oliver et al., 1979) ~ The half-life due tohydrolysis was estimated to be greater than 900 years ingroundwaterbeneathland disposalsites (Ellington et al., 1988).
Photolvsis

Because1,4-dichlorobenzeneabsorbs light only below 300 nm,photolysis in water is not believed to be a significanttransformationprocess (Howard et al., 1990). However, Mansour etal. (1989) reported photodegradationof 1,4-dichlorobenzenein
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distilled water and fresh water under sunlight irradiation. A
half-life of 25 days was estimatedfollowing direct photolysis of
1,4-dichlorobenzenein lake water from April to May, 1986. The
photolytic half-life of 1,4-dichlorobenzenein distilled water and
river water under laboratory conditions ranged from 22.8 to 17.5
hours, respectively. The decompositionof 1,4-dichlorobenzenehas
been reported in the laboratorywith a half-life of approximately
5 minutes (Oliver et al., 1979). 1,4-Dichlorobenzenewas
irradiated at 300 nm in a photoreactor in the presenceof TiO,
(anatasephase), a common constituent of clays, sediments and
soils. However, when aqueoussolutionsof 1,4-dichlorobenzenewere
irradiated as 1.0% slurries with naturally occurring clays and
suspendedsedimentscollected from severalrivers flowing into the
Great Lakes, no decompositionwas observedfor irradiation periods
up to 4 hours (Oliver and Carey, 1986; Oliver et al., 1979). The
suspendedsedimentsactedas light absorbentsand reducedthe rate
of photolysisby shielding the pollutant from the available light.
Photooxidation

The primary mechanismfor 1,4-dichlorobenzenetransformation
in the atmosphereis through reactionwith hydroxyl radicals (OH)
(U.S. EPA, 1989a). 1,4-Dichlorobenzene will react with
photochemicallyproducedhydroxyl radicals in the atmospherewith
an estimatedphotooxidationhalf-life ranging from 3 to 31 days
(Callahanet al., 1979; Rippen et al., 1984; Howard et al., 1989).
Mackay et al. (1992) estimateda mean half-life in the atmosphere
for photooxidationand advectionprocessesof approximatelythree
weeks. Basedon physical-chemicalparameters,Mackay et al. (1992)
calculated a half-life in air of 201 to 2 006 hours (based on
photooxidation in air). Based on rate constantsand hydroxyl
radical concentrations in the range of 3 x 10'o 3 x 10'm'molecule'sec'or a fairly polluted and pristineenvironment,the
atmospherichalf-lives of 1,4-dichlorobenzenewere within the range
of 8 to 84 days (U.S. EPA, 1989a). Singh et al. (1983) reporteda
2.6% loss of 1,4-dichlorobenzeneinvolving the hydroxy radical in
one 12 hour sunlit day. A residencetime (the time for removal of
all of the chemical initially present in the atmosphere)of 38.6
days was calculatedby Singh et al. (1981) basedon an estimated
averagedaily (24-h) OH abundanceof 10 molecule cm'. Dann (1985,
unpubl.) estimateda longer residencetime of 165 days basedon a
daily (24h) averagehydroxyl radical abundanceof 10'ol/cc in a
typical urban environment in summer and a daily rate loss (12 h
sunlit day) of 0.6%. The experimentallyderived rate constantfor
the vapour-phase reaction between 1,4-dichlorobenzene and
photochemicallyproducedhydroxyl radicalswas reportedto be 0.32
x 10'm'molecule'sec'Atkinsonet al., 1985).

19



4.3 EnvironmentalConcentrations

4 ~ 3.1 Air

The mean concentrationof 1,4-dichlorobenzenemeasured in'extensive(24 hour) samplesof ambientair from 23 urban sites from::five provinces throughout Canadaduring the period October, 1988
- through December 1990 was 0.92 yg/m'EnvironmentCanada, 1991,
unpubl.) (Table 4-1). Median concentrations for urban andindustrial sites ranged from 0.17 to 2.06 pg/m'. Daily maximumconcentrationswere highest in industrialpartsof Toronto (maximum-15.7 yg/m'), Windsor (maximum 14.6 yg/m'), and Montreal (maximum
6.45 leg/m'). The fact that 99% of the samples were above thedetection limit (0.05 leg/m') indicates that this substance isubiquitous.

Rain and air sampling for seven rain events in Portland,
Oregon in 1984 was reported by Ligocki et al. (1985). Meanconcentrationsof 4.8 ng/L 1,4-dichlorobenzenein dissolvedrain
and 120 ng/m'n the gas phasewere measured. Pankow et al. (1984b)
sampledfour rain events in spring and five rain events in winter,
1982 in Portland, Oregon. Mean dissolvedrain concentrationsfor1,4-dichlorobenzeneranged from 0.66 ng/L during spring and 5.5
ng/L during winter.
4.3.2 Water

Fresh SurfaceWater

1,4-Dichlorobenzenewas measured in the Great Lakes andassociatedrivers in Canadabetween1980 and 1989 at concentrations"ranging from 0.19 to 310 ng/L (Table 4-2). Concentrationsof 1,4-dichlorobenzenewere at their peak in the early 1980s and havedecreasedin recent years. Oliver and Nicol (1982) sampled the
open waters of Lakes Huron and Ontario, and the Grand and NiagaraRivers for chlorobenzeneconcentrationsbetweenApril and November
1980. The authors reportedmean concentrationsof 45 ng/L and 4
ng/L 1,4-dichlorobenzenefor LakesOntario and Huron, respectively.Concentrationsof 1,4-Dichlorobenzeneranged from a mean of 10 ng/Lin the Grand River and to between 1 and 94 ng/L in the NiagaraRiver. 1,4-Dichlorobenzenewas measuredin 1981 in the NiagaraRiver water near Niagara-on-the-Lake (NOTL) and Fort Erie.Concentrationsof 1,4-dichlorobenzenewere higher at NOTL (10.5
ng/L) compared to 1.0 ng/L at Fort Erie (Fox et al., 1983). Acomparisonof the concentrationsof 1,4-dichlorobenzeneat threesites along the Niagara River, the start of the river (Fort Erie)(1.7 ng/L), below a chemical dumpsiteand a chemical manufacturingdischargejust above Niagara Falls, New York (94 ng/L), and at themouth of the river (Niagara-on-the-Lake)(29 ng/L), was reportedbyOliver (1987a). Oliver and Nicol (1984) reported a maximumconcentration of 310 ng/L, and a mean of 36 ng/L 1,4-
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dichlorobenzenewhole water samples collected weekly over a two
year period (1981 to 1983) from the Niagara River at Niagara-on-
the-Lake (NOTL), Ontario. A mean concentrationof 1.6 ng/L and
maximum level of 3.8 ng/L 1,4-dichlorobenzenewas reported by
Stevens and Neilson (1989) in samples of whole water in Lake
Ontario in 1986. Mean concentrationsfor Lakes Erie, Huron and
Superior were 1.15, 0.29 and 0.34 ng/L 1,4-dichlorobenzene,
respectively. 1,4-Dichlorobenzenewas detected in ambient water
collectedat the head (Fort Erie) and mouth (Niagara-on-the-Lake)
of the Niagara River for the period 1986 to 1987 and 1988 to 1989
(The NiagaraRiver Data InterpretationGroup (NRDIG), 1988; 1990).
Mean concentrationsranged from 0.82 (Fort Erie) to 2.47 ng/L
(NOTL) and 0.97 (Fort Erie) to 1.93 ng/L (NOTL), for 1986 to 1987
and 1988 to 1989 data, respectively.

Levels of 1,4-dichlorobenzenealong the St. Clair, Ontario in
1985 were comparableto those in the NiagaraRiver in recentyears.
Forty-litre water sampleswere collectedat locationsupstreamand
downstreamof a petrochemicalindustrial site at Sarnia along the
St. Clair River betweenAugust and Octoberof 1985 (Chan and Kohli,
1987). Levels of 1,4-dichlorobenzenerangedfrom 0.29 to 1.7 ng/L.

Based on a monitoring program of surface and raw drinking
water supplies in six provinces (Alberta, Quebec, New Brunswick,
Nova Scotia, Newfoundland,and PrinceEdward Island) conductedfrom
February 1987 to May 1989, the levels of 1,4-dichlorobenzenein
surface water ranged between 0.57 to 130 ng/L in the provinces
where it was detected (Environment Canada, 1992).

Marine Water and EstuarineWater

No information was found in the literature on 1,4-
dichlorobenzenelevels in marine or estuarinewater in Canada.

Industrial and Municipal Wastewater

Concentrations of 1,4-dichlorobenzene in industrial and
municipal wastewaterare presentedin Table 3-3 and discussedin
Section 3.2.5.
Runoff

Marsalekand Schroeter(1988) reportedconcentrationsof 1, 4-
dichlorobenzenein runoff from 12 urban centres in the Canadian
Great Lakes basin (Lakes Erie, Huron, Ontario, St. Clair and
Superior). A mean concentrationof 89 ng/L 1,4-dichlorobenzenewas
measuredin the stormwater (Table 4-2).
Ground Water

In Canada, elevated levels of 1,4-dlchlorobenzenehave been
detectedin ground water adjacentto waste disposal and landfill
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sites (Table 4-4). 1,4-Dichlorobenzenewas detectedin groundwaterat a former disposal site for waste oils and solvents near Ville
Mercier, Quebec (Martel and Ayotte, 1989). Analysis of groundwater
from the Ville Mercier area for the period 1988 to 1989 revealed
concentrationsof 1,4-dichlorobenzeneranging from 1 100 to 3 800

:ng/L in samples in contactwith contaminatedoil (detection limit
; 50 ng/L). Characterizationstudiesof a chemical production site
near Napierville, Quebec in 1987 and 1988 were conducted to
determine the extent of contamination of chlorobenzenesand
naphthalene in groundwater (Foratek International Inc., 1987;Foratek Inc., 1989). Highest levels of 1,4-dichlorobenzenewere
found near the warehouseat the plant site. Concentrationsof 1,4-
dichlorobenzene in groundwater at the site ranged from non-detectable (&8 pg/L) to 23 100 pg/1 and up to 63 800 ling/L in theoil phase. This site is targetedfor remediation.

1,4-Dichlorobenzenewas detected in groundwater near a
municipal landfill near North Bay, Ontario in 1981 (Reinhard etal., 1984). Concentrationsof 1,4-dichlorobenzenewere found in
groundwaterbeneaththe landfill (40 000 ng/L) and 800 m away (7
000 ng/L) where the leachate-contaminatedgroundwateremerged. Thedetection of 1,4-dichlorobenzene800 m from the source confirmedthe persistenceof this compound. Pankow et al. (1984b) reportedthe presenceof 1,4-dichlorobenzenein groundwaterdowngradientof
a landfill in Burlington, Ontario, between February and March,
1983. Concentrationsin the groundwaterrangedfrom non-detectable
(11 ng/L) to 2 000 ng/L with an averageconcentrationof 880 ng/L.In a later study (October to November, 1983), a mean concentration
of 170 ng/L 1,4-dichlorobenzenewas reported in groundwaterat the
Burlington, Ontario landfill (Pankow et al., 1985).

Zoetemanet al. (1980) reporteda concentrationof 3 000 ng/L1,4-dichlorobenzenein groundwater in The Netherlands.
4.3 ' Soil

Characterizationstudies of a chemical production site nearNapierville, Quebec in 1987, 1989 and 1990 were conducted to
determine the extent of contamination of chlorobenzenesand
naphthalene in soil by accidental discharge in 1968 (ForatekInternational Inc., 1987; Foratek Inc., 1989; ADS associesItee,
1990) (Table 4-5). A total of 28 sampleswere taken to determinethe limits of the contaminatedsoil. Highest levels of 1,4-dichlorobenzenewere found near the warehouse and the railwaytracks at the plant site (Table 4-5). Levels of 1,4-
dichlorobenzeneranged from non-detectable(&2 ling/g) to 2 460 yg/gin soil samples. A study of the nature and extent of soilcontaminationin a drainageditch near the plant was carriedout in
1990 (ADS associesItee, 1990). Levels of 1,4-dichlorobenzene
measuredin the soil ranged from non-detectable(&0.1 pg/g) to 4.3
pg/g. The site is targetedfor remediation.
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4 3 ' Bottom Sediment

Levels of 1,4-dichlorobenzenein bottom sediments in Canada
are restrictedmainly to concentrationsin samplescollected in the
late 1970s to mid 1980s, with the exceptionof a recent study of
bottom sedimentscarried out in 1992 in British Columbia (Table 4-
5). 1,4-Dichlorobenzenelevels were reported in bottom sediments
in the Niagara and St. Clair Rivers, Lake Ontario, and in the East
River in Nova Scotia.

Concentrations of 1,4-dichlorobenzenewere reported in
sediment near a municipal sewage outfall at Victoria, British
Columbia (EVS Consultants,1992). Municipal wastes from Victoria
and the surrounding area are disposed of in the nearshore
environment at Macaulay Point and Clover Point. Studies were
conductedat the mouth of eachoutfall, to the eastand west of the
outfall and at distancesof 100, 400, 800 and up to 1600 m from the
outfall discharge. Elevatedconcentrationsof 1,4-dichlorobenzene
were present in the sedimentsat the outfall terminus and at the
100 m stations. Levels of 1,4-dichlorobenzeneranged from 1 to
1 710 ng/g (dry weight) (mean 141 ng/g) at the Macaulay Point
outfall (Table 4-5).

Oliver and Pugsley (1986) detected concentrationsof 1,4-
dichlorobenzenein bottom sedimentsalong the St. Clair River in
the vicinity of Sarnia, Ontario in 1985. Maximum concentrationsof
total dichlorobenzeneisomers (1,2-, 1,3- and 1,4-dichlorobenzene)
were reportedat 31 000 ng/g (average5 243 ng/g) in the sediment
between 1984 and 1985. Based on levels reported for the
dichlorobenzeneisomers in the same area by Oliver (pers. comm.,
1992), it was estimated that the relative composition of 1,3-
dichlorobenzene,1,2-dichlorobenzene,and 1,4-dichlorobenzenewas
approximately 58, 32 and 10%, respectively of the total.
Therefore, using the averagevalue of 5 500 ng/g, it was estimated
that the concentrationof 1,4-dichlorobenzenein the St. Clair
River sedimentswas 524 ng/g.

Examination of the vertical distribution of 1,4-
dichlorobenzenein bottom sediments in Lake Ontario in 1981 near
the mouth of the Niagara River, provides insight into the history
of chlorobenzeneproductionand loading to the NiagaraRiver. U.S.
production of chlorobenzeneswas greatestfrom 1960 to 1970 as is
evident from cores at the 7 to 10 cm depth (1 100 to 880 ng/g)
(Durham and Oliver, 1983). Concentrationsof 1,4-dichlorobenzene
at the 0 to 3 cm depth ranged from 110 to 270 ng/g. Samples
containing 1,4-dichlorobenzenewere collected from the top 2 cm of
sedimentfrom five sites in westernLake Ontario from April to July
1981 (Fox et al., 1983). Concentrationsranged from 250 to 1 300
ng/g in April to 33 to 112 ng/g in July. Oliver and Nicol (1982)
reportedthat mean concentrationsof 1,4-dichlorobenzenein bottom
sediment from three Great Lakes locations.in 1980 were highest in
Lake Ontario (94 ng/g) followed by Lake Huron (16 ng/g), Lake, Erie
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(9 ng/g) and Lake Superior (5 ng/g). The concentrationsof 1,4-
dichlorobenzenein Lake Ontario in the vicinity of the NiagaraRiver was reported by Oliver and Charlton (1984). Levels insurficial sediment ranged from 110 to 150 ng/g (dry weight) 1,4-
dichlorobenzene,with a mean concentrationof 63 ng/g. In 1981,

. ten stations, sampled for concentrationand distribution of 1,4-
.: dichlorobenzenein bottom sedimentsalong the St. Lawrence River
.. were lower than levels measured in the Great Lakes (Merriman,1987). Concentrationsof 1,4-dichlorobenzenein bottom sediments
ranged from &1 near Kingston, Ontario, Cape Vincent, New York and

- Morrisburg, Ontario to a maximum of 9 ng/g near Cornwall, Ontario.
The presence of 1,4-dichlorobenzenein sediment in the NorthSaskatchewanRiver was reported by Ongley et al. (1988) in 1983.
Bottom sediment consisting primarily of sand-sized materialcontainedlevelsof 1,4-dichlorobenzeneranging from non-detectableto 107 ng/g (detection limit not specified).

In a 1979 study of chlorobenzenesin bottom sedimentnear acoking oven, a chlor-alkali chemical plant, a textile plants, and
a control site in Nova Scotia, MacLaren Marex Ltd. (1979) reportedlevels of total 1,3- and 1,4-dichlorobenzenein bottom sedimentatall four locations. Highest levels were found in sedimentsfromthe chlor-alkali plant (37 to 1 000 ng/g), whereas the remainingsites showed comparable results: the textile plant (92 to 440
ng/g), and the control site (150 to 620 ng/g).
4.3 ' SuspendedSediments

In suspendedsedimentsin Canada,highestconcentrationswerereported in the Niagara River in the early to mid 1980s (Table 4-
5). NiagaraRiver water samplescollectedbetweenAugust 1985 and
August 1986 were analyzed for 1,4-dichlorobenzenein suspended'solids under acidic and basic conditions (Maguire et al., 1989).1,4-Dichlorobenzene was detected in suspended solids at aconcentration of 28 ng/L. Fox et al. (1983) measured 1,4-dichlorobenzenein suspendedsediments at two sites along theNiagaraRiver at Niagara-on-the-Lake(NOTL) and Fort Erie, betweenJune and Septemberof 1981. Concentrationsof 1,4-dichlorobenzene
ranged from 96 ng/g (dry weight) in Septemberto 680 ng/g in Julyat NOTL. 1,4-Dichlorobenzenewas not detected in Fort Eriesediment, indicating sourcesof this contaminantalong the NiagaraRiver. 1,4-Dichlorobenzeneconcentrationsmeasuredin suspendedsediments in earlier studies at Niagara-on-the-Lakesupport thelevels reported by Fox et al. (1983). Kuntz and Wary (1983)reported a mean value of 180 ng/g (dry weight) in suspendedsediments in the lower Niagara River from April 1979 to December
1981. Oliver and Charlton (1984) collectedsettlingparticlesfromsediment traps suspendedat 20 to 68 m depth in the water columnfrom September to October, 1982 in the Niagara Basin of LakeOntario. Concentrationsof 1,4-dichlorobenzenein the sedimenttraps ranged from non-detectable to 160 ng/g (dry weight)(detection limit not specified).
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In 1981, ten stationswere sampled for the concentrationand
distribution of contaminantsin suspendedsedimentsalong the St.
Lawrence River (Merriman, 1987). Concentrations of 1,4-
dichlorobenzenewere consistentalong the river, ranging from 17
ng/g at Brockville, Ontario and Alexandria, New York to 27 ng/g at
Morrisburg, Ontario. Between 1981 and 1987, Germain and Langlois
(1988) collected dissolved and particulate samples from the St.
Lawrence River from Cornwall, Ontario to L'Ile d'Orleans,Quebec.
The authorsdid not detect 1,4-dichlorobenzenein the particulate
phase,however, the compoundwas detectedin the dissolvedphaseat
a concentrationof 2.7 ng/L.

Ongley et al. (1988) reported the presence of 1,4-
dichlorobenzenein suspendedsediments in the North Saskatchewan
River in 1983. Concentrationsin suspendedsedimentsranged from
non-detectableto 118 ng/g (dry weight) 1,4-dichlorobenzenein two
of nine samples (detection limit not specified).
4 '.6 Effluent and Sludcre

Sludgesfrom 15 municipal sludgesacrossCanadawere analyzed
for organic contaminants from 1980 to 1985 (Webber and Lesage,
1989). 1,4-Dichlorobenzenewas detected in one third of the
samples of sludge from Winnipeg, Manitoba. Maximum and median
concentrationsof 1 500 ng/g and 300 ng/g (dry weight) 1,4-
dichlorobenzene,respectively,were detected (Table 4-5).

A field monitoring programof influent, final effluent and raw
and treatedsludgesfrom 37 Ontario water pollution control plants
was carried out by the Ontario Ministry of the Environment'sMISA
program in 1987 (OME, 1988). 1,4-Dichlorobenzenewas detectedin
two of 37 municipal water pollution control plants sampled at a
maximum concentrationof 2 644 ng/g in treatedsludge.

4.3.7 Biota
1,4-Dichlorobenzenewas detectedin amphipods, oligochaetes,

clams and fish in studiesconductedin the early 1980s. No studies
were available on levels of 1,4-dichlorobenzenein wild mammals,
reptiles, amphibiansor birds in Canada (Table 4-6).

In a study of the effects of sewageeffluent on biota at the
Clover Point outfall, near Victoria BC, EVS Consultants (1992)
reportedthat 1,4-dichlorobenzenewas below the detectionlimit (5
pg/kg) in mussel (Modiolus sp.) tissue.

Based on studies conducted in the Great Lakes in the early
1980s, the concentrationsof 1,4-dichlorobenzenein lake trout
(Salvelinus namavcush) and rainbow trout (Oncorhvnchus mvkiss)
rangedbetween1 and 4 ng/g (wet weight) (Oliver and Nicol, 1982).
Higher concentrationsof 1,4-dichlorobenzenewere reported in
sediment-dwellingorganismscollected from five sites in western
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Lake Ontario in April and July, 1981 (Fox et al., 1983). Levels of
1,4-dichlorobenzeneranged from not detectableto 370 ng/g (dry
weight) in amphipods (Pontoooreiahovi and Gammarussp.) and from
non detectableto 630 ng/g (dry weight) in oligochaetes(Tubifex

.tubifex) (detectionlimits not specified). 1,4-Dichlorobenzenewas
not detectedin mysids and lake trout. Worms (Tubifex tubifex and
Limnodrilus hoffmeisteri) exposedto contaminatedsedimentsfrom
Toronto Harbour in Lake Ontario were found to rapidly accumulate
1,4-dichlorobenzene(Oliver, 1987b). Worms were analyzedafter 4,

,11, 39 and 79 days. A mean concentrationof 200 ng/g (dry weight)
: 1,4-dichlorobenzenewas measured in the worms after 4 days and
decreasedto 60 ng/g after 79 days. 1,4-Dichlorobenzenewas foundin clams collected in the area of a outfall from a chlor-alkali
chemical plant near Pictou, Nova Scotia. MacLaren Marex Ltd.
(1979) reported levels of total 1,3- and 1,4-dichlorobenzene
ranging from 310 to 590 ng/g (dry weight) in clams.

No data were available on the effects of 1,4-dichlorobenzene
on aquaticvascularplants. No studieswere availableon levels of
1,4-dichlorobenzenein wild mammals or birds.

26



5.0 POPULATION EXPOSURE

5.1 Emosureof Wildlife Populations

In general, three routes of exposuremay be of concern for
wildlife: oral, inhalation and dermal. Oral exposuresmight occur
via ingestionof contaminatedfood (e.g. aquaticprey), or water or
incidental ingestionof contaminatedmedia (e.g. soils, sediment).
Inhalationof vapoursor particulatesmight, be a significant route
of exposure for animals active near point sources. Dermal
exposuresare likely to be most significant for burrowing mammals(i.e., via contactwith contaminatedsoils) and animals that spend
considerableamounts of time partially submerged in contaminated
surface waters. Wildlife can also be affected indirectly by
removal of their food resourcesif levels in the environmentare
sufficiently high to be toxic to plants or invertebrates.
6.0 TOXICOKINETICS

(Refer to supportingdocumentationfrom Health Canada)

7 ' M2QQGLLIAN TOXICOLOGY
(Refer to supportingdocumentationfrom Health Canada)

8.0 EFFECTS ON HUMANS
(Refer to supportingdocumentationfrom Health Canada)

9.0 EFFECTS ON THE ECOSYSTEM

The effects-related information for 1,4-dichlorobenzene
includes acute and chronic data from a number of aquatic species.
The results of aquatic toxicity tests of 1,4-dichlorobenzeneare
presentedin Tables 9-1 to 9-5. 1,4-Dichlorobenzeneis a volatile
compound, and therefore, aquatic tests conducted under closed,
static or continuous flow conditions were considered reliable.
Information on toxicity to terrestrialorganisms is very limited.
However, the toxicity of 1,4-dichlorobenzeneto terrestrial
organisms can be assessedby extrapolation from the results of
toxicity studiesconductedwith laboratorymammals.

The mode of toxic action of 1,4-dichlorobenzeneis not well
understood. The mechanismhas been describedas a non-specific
narcotic or anaestheticaction, controlled by the organism/water
partitioning propertiesof the chemical (Abernethy et al., 1988).It appearsthat the effect occurswhen a targetsite (thought to be
the lipid membrane) accumulatesa sufficient volume of chemical to
interfere with normal structureand function.
9.1 Acruatic Svstemsand Components

9.1.1 Bacteria and Primarv Producers

Studieson the effects of 1,4-dichlorobenzeneon bacteriaand
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primary producersare presentedin Table 9-1.

The response of Photobacterium ohosohoreum to 1,4-
dichlorobenzenein a 30 minute Microtox test was measuredby Ribo
and Kaiser (1983). The reduction of light emitted byPhotobacteriumohosohoreumwhen exposedto 1,4-dichlorobenzenewas

.:5.33 mg/L. Inhibition of growth (96-h EC50) and photosynthesis(3-
. h EC50) at 1.6 mg/L and 5.2 mg/L, respectively,were observed in
. the alga Selenastrumcaaricornutum(Calamariet al., 1982; Calamari
. et al., 1983). The primary productivity of the freshwatergreenalga Ankistrodesmus falcatus exposed to 1,4-dichlorobenzenewas
monitored by measuringthe uptake of "C-carbonateby cells over a4-h period (Wong et al., 1984). A 4-h EC50 value of 19.9 mg/L wasreported.

The effect of 1,4-dichlorobenzeneon the diatom Cvclotella
meneahiniana using percent reduction of DNA was reported byFigueroa and Simmons (1991). The use of biochemical parameterssuch as nucleic acids measurementis an alternative method ofdetermining the effects of contaminantson cellular componentsrelated to growth, biosynthesis and reproduction. Algal DNAreduction occurredafter 48 h exposureof Cvclotella menecrhinianato 34.30 mg/L 1,4-dichlorobenzene.
9. 1. 2 Invertebrates
9.1.2.1 Acute Toxicitv

A comparison of aquatic invertebratesensitivities to 1,4-dichlorobenzeneindicatedthat the freshwaterinvertebrateDaohnia
macrna was the most sensitive invertebratespeciesreported in theliterature (Table 9-2). Resultsof acute toxicity testsusing the
-most acceptablelaboratoryproceduresfor the Daohnia ranged from
a 48-h immobilization concentrationof 0.74 mg/L in a closed,static system to a 48-h LC50 of 2.2 mg/L under closed, staticconditions (Canton et al., 1985). In an acute toxicity study withthe midge (Tanvtarsusdissimilis), Call et al. (1983) reportedan
LC50 value (48-h) of 13.0 mg/L for exposureto 1,4-dichlorobenzene
under static, measuredconditions.

In studieswith saltwaterinvertebrates,toxicity valueswereconsiderablyhigher, with LC50 values ranging from 60.0 mg/L (96-h
LC50) (Curtis et al., 1979) for the grass shrimp (Palaemonetes
oucrio) in static, unmeasuredteststo 13.7 mg/L (24-h LC50) for theArtemia nauplii (Abernethy et al., 1986).
9. 1. 2. 2 Chronic Toxicitv

Impairment of reproductionwas the most sensitiveendpointoftoxic stress reported in the literature during chronic toxicitytest of 1,4-dichlorobenzeneto aquatic invertebrates(Table 9-3).
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Under closed, static conditions, Calamari et al. (1982) reporteda
reduction in fertility in Daohnia maana at 0.40 mg/L (LOEC) 1,4-
dichlorobenzeneafter 28 days while 0.22 mg/L was the no-observed
effect concentration (NOEC). In a similarly conducted study
performedon Daohnia, Calamari et al. (1983), reporteda 14-d EC50
(reduced fertility) of 0.93 mg/L in Daohnia macrna. In a 21-day
reproductiontest on Daohnia, Kuhn et al. (1989) reporteda highest
no-effect concentration(NOEC) of 0.50 mg/L.

Using calculatedquantitativestructureactivity relationships
(QSARs), a number of authors determined chronic responsesof
Daohniamacrna to 1,4-dichlorobenzene(Hermenset al., 1984; Hermens
et, al., 1985; De Wolf et al., 1985). The highestconcentrationof
1,4-dichlorobenzenewhich did not producea significanteffect (16-
day NOEC) on reproductionof Daohnia macrna was 0.58 mg/L (Hermens
et al., 1985). Hermens et al. (1984) determined reproductive
effects in Daohnia macrna at 0.47 mg/L (16-d EC50) and lethal
effects at 1.5 mg/L (16-day LC50). However, it should be noted
that chemicalanalysisshowedthat for 1,4-dichlorobenzene,between
80 and 1104 was present in the test solutions and the NOEC value
was not corrected for these measured concentrations. When
corrected for the actual dose, the 16-day NOEC (reproduction) is
0.46 and 0.64 mg/L, respectively.
9 ' ' Fish

9.1.3.1 Acute Toxicitv
The most sensitive endpoint for acute toxicity to fish was

observedin rainbow trout (Oncorhvnchusmvkiss), at concentrations
ranging from 1. 18 mg/L (48-h LC50) to 1.48 mg/L (48-h LC50) (Ahmad
et al ~ , 1984; Call et al., 1983; U.ST EPA, 1980; Calamari et al.,
1983) (Table 9-4). Abnormal swimming and loss of equilibrium for
the rainbow trout (Oncorhvnchusmvkiss) were observedat 1.10 mg/L
(96-h EC50) (Ahmad et al., 1984). The American flagfish
(Jordanella floridae), fathead minnow (Pimaohales oromelas),
sheepshead minnow (Cvorinodon varieaatus), and zebra fish
(Brachvdanio rerio), were less sensitive to exposure to 1,4-
dichlorobenzene. Under flow-through, unmeasuredconditions with
one-week and juvenile (2 to 4 month old) American flagfish, ATRG
(1987) reported 96-h LC50s of 2.45 and 2.05 mg/L, respectively.
For fatheadminnows (Pimaohalesoromelas), 96-h LC50s ranging from
4.0 to 4.2 mg/L were reportedby Veith et al. (1983), Carlson and
Kosian (1987) and Ahmad et al. (1984). Exposureof fatheadminnow
embryos (Pimaohalesoromelas) to 8.7 mg/L of 1,4-dichlorobenzene
resulted in prematurehatching and deformities after three day'
(Carlson and Kosian, 1987). Mayes et al. (1983) demonstrated
through acute testing (96-h LC50) of three age groups of fathead
minnows (Pimeohalesoromelas), that fry (10 to 15 days) were more
sensitivethan juvenile (30 to 35 days) and adults (60 to 100 days)
to 1,4-dichlorobenzene. 96-h LC50 values of 3.6, 14.2 and 11.7
mg/L were reportedfor testsconductedin closed,,staticconditions
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for fry, juvenile and adult fathead minnows, respectively. Asimilar LC50 value was observed for the zebrafish (Brachvdaniorerio), with a 48-h LC50 of 4.25 mg/L (Calamari et al., 1982).
9.1.3.2 Chronic Toxicitv

Growth and survival were the most sensitive endpoints inchronic toxicity testswith fatheadminnow (Pimenhalesoromelas)
and zebrafish (Brachvdaniorerio) (Table 9-5). Effects on embryo-.larval stages of fathead minnows under flow-through, measuredconditions was studied by Ahmad et al. (1984). The estimated
maximum acceptable toxicant concentration (MATC) for fathead
minnows exposedto 1,4-dichlorobenzeneduring a 32-day early-lifestagetoxicity test basedon survival and growth was between 0.56
and 1.04 mg/L (Ahmad et al., 1984). Carlson and Kosian (1987)estimatedchronic toxicities for 32 to 33 day embryo through earlyjuvenile developmenttestsof fatheadminnow (Pimeohalesaromelas)
exposed to 1,4-dichlorobenzene. A highest no observed effectconcentration (NOEC) of 0.57 mg/L and a lowest observed effectconcentration (LOEC) of 1.0 mg/L was reported for the fathead
minnow. Exposure to 8.7 mg/L 1,4-dichlorobenzene causeddeformities to embryos. Retardation of growth was the mostsensitive parameter in early life stage toxicity experimentsonembryolarval (&6 hours old after spawning) stages of zebrafish(Brachvdaniorerio) exposedfor a period of 28 days (van Leeuwenetal., 1990). A LC50 of 2.7 mg/L was reported for the early lifestage test with the zebrafish. The no observed lethalconcentration (NOLC: the highest concentration tested withoutsignificant effects on survival) of the zebra fish was 2.1 mg/L andthe no observedeffect concentrationfor survival, hatching andgrowth was 0.65 mg/L 1,4-dichlorobenzene.

Exposure of different stagesof rainbow trout. (Oncorhvnchus
mvkiss) was carried out in a continuousflow-through system for 14days from fertilized egg to the 2 week old eating alevin stage, atsix concentrationsranging from 0.0018 mg/L to 0.122 mg/L (Calamariet al., 1982). Examination of 25 embryos at each concentrationindicatedthat no macroscopicmalformationsor histologicalchangeswere found at the time of hatching. A 14-day LC50 of 0.80 mg/L wasdeterminedfor the rainbow trout alevins (Calamari et al., 1982).
9.2 Birds and Mammals

No data are available on wild mammals, thus results fromlaboratory studieswere extrapolatedto determineeffects on wild
mammals.

Studieson birds were scarce. Seventeen-dayold White LeghornChicken embryos injectedwith 10 and 40 mg/egg 1,4-dichlorobenzene,after 24 hours showedno increasein porphyrin contentof the liverof the chick embryos. One-dayold chicks dosedorally with 200 and800 mg/kg demonstrateda significant increase in the porphyrin
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content of liver and bile at the higher dose. This higher dose is
approximately equal to the higher dose given to the embryo (40
mg/egg). Thus the chick embryo is not as sensitiveas the chick to
the porphyrinogenicaction of 1,4-dichlorobenzene(Miranda et al.,
1984) .

The chronic toxicity of 1,4-dichlorobenzenehas been examined
in rats and mice following inhalation (Loeser and Litchfield,
1983). They reported increases in liver and kidney weights,
urinary protein and coproporphyrin in the high dose group of rats
administered0, 450 and 3 000 mg/m' h/d, 5 d/week, for 76 weeks.
There was no evidenceof toxicity in mice following exposureto the
same concentrationsfor 57 weeks. The NOELs in rats and mice are
therefore450 and 3 000 mg/m', respectively.

In studies on the embryotoxicity and foetotoxicity of 1,4-
dichlorobenzene,minor effects were seen, but only at doseswhich
were toxic to the mother (i.e., 2 400 mg/m', Hayes et all., 1985;
3000 mg/m', Loeser and Litchfield, 1983; 500 mg/kg-bw/d in their
diet, Giavini et al., 1986).

Following exposure to 950 mg/m',4-dichlorobenzene7
hours/day, 5 days per week, a decreasein body weight gain (&104)
in guinea pigs was observedand in rats, an increasein liver and
kidney weights and cloudy swelling and granulardegenerationin the
liver of rats was observedby Hollingsworth et al. (1956). The
NOEL for rats and guinea pigs was .580 mg/m'nd 950 mg/m'or
monkeys, mice and rabbits.

In a chronic inhalation study (dosed for 76 weeks, 5
days/week), the NOELs were 450 mg/m'n rats and 3000 mg/m'n mice
(Loeser and Litchfield, 1983). In a study exposing rats and mice
via the oral route for 13 weeks, the NOELs were 300 to 600 mg/kg-bw
for male and female rats, respectively,and 338 mg/kg-bw for mice
(NTP, 1987) .

In studiesusing oral administrationof 1,4-dichlorobenzene,
Hollingsworth et al. (1956) reported2800 mg/kg-bw and 4000 mg/kg-
bw were lethal to 100% of guinea pigs and rats, respectively. No
deathsoccurredat dosesof 1600 mg/kg-bw for guineapigs and 1000
mg/kg-bw for rats.

No empirical data were availableregardingadverseeffectsof
1,4-dichlorobenzeneon wildlife due to decreasedprey availability
or quality. No data are available on the effects of 1,4-
dichlorobenzeneon terrestrialvascularplants.
9.3 TerrestrialSvstemsand Components

9.3.1 TerrestrialToxicitv
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Toxicity of 1,4-dichlorobenzeneto earthworms (Eiseniaandrei
and Lumbricus rubellus) and soil sorption testswere carriedout in
two soil types (KOBG — sandy 3.74 organic matter and OECD — peaty-sand, 8.1% organic matter) (van Gestel et al., 1991). Greater:adsorption of 1,4-dichlorobenzenewas observed on the OECD soilthan the KOBG soil. The authors reported that the earthwormtoxicity of 1,4-dichlorobenzeneis predominantlygovernedby porewater concentrations. Basedon the soil pore water phase, fourteen

-day toxicity valuesof 17.8 (KOBG) and 51.0 mg/L (OECD) for Eiseniaandrei and 26.2 (KOBG) and 228.7 mg/L (OECD) for Lumbricus rubelluswere reported.
No data were available on the effects of 1,4-dichlorobenzene

on terrestrialvascularplants, and terrestrial invertebrates.
9.1 8edimentTaxicitv

No empirical data were available on the toxicity of 1,4-dichlorobenzeneto benthic biota in freshwater, estuarine, ormarine sedimentsin Canada.

Marine

EVS Consultants (1992) reported indirect evidenceof adversebiological effects to sedimentbenthos in a study on the effectsofmunicipal effluents of the City of Victoria (B.C.) on the marineenvironment. The juvenile polychaete Neanthes sp. wassignificantly affected (growth reduction) at the outfall (MacaulayPoint) and at three stations 100 m away and adverseeffects tobivalve larvae development(developmentfrom a fertilized egg to afully developed larva) were observed at all stations tested.
Although these effects could not be attributed to specificcontaminants, EVS Consultants (1992) reported concentrationsof
1,710 and 139 pg/kg 1,4-dichlorobenzeneat the outfall of theeffluent and at stations100 meters away, respectively.

Barrick et al. (1988) reported effect thresholds for 1,4-
dichlorobenzene in marine sediment using the Apparent EffectsThreshold (AET) approach. This method involves the comparisonoffield data on chemical concentrationsin sedimentsand indicatorsof bioavailability (benthic infaunal analysis, toxicity steps) toestimatethe concentrationof a chemical above which statisticallysignificant biological effects (relative to referencesediments)are always expected (Barrick et al., 1988). Specifically, this
approachwas used to estimatethe concentrationof contaminantsinsediment collected in a contaminated area in Puget Sound,
Washington State, above which significant (p &0.05) biologicaleffectsto marinebenthic infauna (Mollusca, Polychaeta,Crustacia)
were consistentlyobserved. The marine sediment AET for benthic
organisms for 1,4-dichlorobenzenewas reported to be 160 ng/g(normalizedto 1% total organic carbon). 'However, as noted by U.S.
EPA (1989), the AET approachis not, recommendedfor the development
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of sedimentquality criteria to be applied widely due to its site-
specific nature, and its inability to describe cause and effect
relationships.
Freshwater

Although no empirical freshwatersedimenttoxicity data were
available for 1,4-dichlorobenzene,results from the equilibrium
partitioning approach were used to establish effect threshold
levels. These values representconcentrationsof chemicals in
sedimentthat are expectedto be associatedwith adversebiological
effects (Di Toro et al., 1991). This method involves converting
toxic threshold concentrations for pelagic organisms to toxic
threshold concentrationsin sediment which are then compared to
sedimentconcentrationsmeasuredin the environment. Water column
and benthic speciesare assumedto be similarly sensitiveto 1,4-
dichlorobenzene(Di Toro et al., 1991). Additional assumptions
built into this approachare that: 1) nonionic organic chemicals
such as 1,4-dichlorobenzeneare associatedwith sediment organic
carbon, 2) partitioningof chemicalsbetweenthe organiccarbonand
sedimentpore water is at equilibrium, and 3) ingestion is not a
route of exposure.

The effect threshold in sediment (C,) was calculatedbasedon
the equilibrium relationship:

C,,oc = C/f = K x C~

formulated by Di Toro et al ~ (1991). C„oc is the organic carbon-
normalized sediment concentration, and C, is the dissolved
concentrationof 1,4-dichlorobenzenethat caused effects in the
most sensitiveorganism tested. The organic carbon fraction (f )
of the sedimentwas set at 0.035, correspondingto levels measured
in the most severely contaminatedareasof western Lake Ontario.
An estimated effect level of 480 pg/g (the level which could
adverselyeffect sensitivebenthic species) was calculatedfor C,
using a chronic effect level (LOEL) for dissolved 1,4-
dichlorobenzenefor freshwaterorganismsof 400 yg/L (28-day LOEL
reduced fertility in Daahnia maana) (Calamari et al., 1982) and a
K„ of 1 030 (Mackay et al., 1992).

van Leeuwenet al. (1992) usedquantitativestructure-activity
relationshipsand equilibrium partitioningmodelling to predict the
concentrationof 1,4-dichlorobenzeneat which 95% of the speciesin
marine or freshwater benthic communities are unlikely to be
affected. The authorscalculatedan effect thresholdlevel of 5336
ng/g (d.w.) for sedimentswith an organic carboncontentof 5%, or
1 067 ng/g for sedimentswith an organic carbon content of 1%.

Although use of equilibrium partitioning is becoming
increasinglycommon in sedimentquality assessment(Di Toro et al.,
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1991), the method has undergoneonly preliminary field validation
(Chapman, 1989; Adams et al., 1992), and thus is of limited use in

-a regulatorycontext.
10 0 OTHER PERTINENT DATA

10.1 Greenhouseeffects
Like other tracegasesthat are knovn to contributeto global

'varming (Ramanathanet al., 1985), 1,4-dichlorobenzeneis volatile:at tropospherictemperaturesand absorbsinfrared radiation in the
7 to 13 pm wavelength region (Ramanathanet al., 1985; Sadtler
ResearchLaboratories,1982). However, because1,4-dichlorobenzene
is removed from the atmosphereby photooxidation(meanhalf-life of
approximately 3 veeks), and steady state concentrationsin the
atmosphereare low (mean 0.92 pg/m'), 1,4-dichlorobenzeneis not
expected to have a significant direct effect on global warming
(Hengeveld, pers. comm., 1992). However, the degradationof 1,4-
dichlorobenzene through reactions with the OH radical can
contributeto lower concentrationsof OH vhich is an important sink
for other greenhousegases, particularly methane (IPCC, 1990).
Therefore, its release into the atmosphere can indirectly
contribute to increasedglobal warming. The magnitude of thiseffect is difficult to estimatebecauseof the complexity of the
chemistry, however, it is believed to be small (Hengeveld, pers.
commun., 1992).

10.2 Ozone Formation/Depletion

Becauseof the low concentrationsfound in the atmospherein
Canada,the contributionof 1,4-dichlorobenzeneto the ground-level
ozone-forming potential of volatile organic compounds (VOCs)
mixtures is insignificant (Dann, pers. comm., 1992).

Substancesinvolved in the depletion of stratosphericozone
are generally halogenated,insoluble in water, and persistentin
the atmosphereallowing movement to the stratospherevhere theyare degradedby high energy, short wavelengthultraviolet radiation
(Firor, 1990). 1,4-Dichlorobenzenehas a short residencetime in
the atmospheredue to the combined action of photooxidation and
atmospheric vashout and is therefore not associatedvith the
depletion of stratosphericozone.

34



12. REFERENCES

Abernethy, S.G., A.M. Bobra, W.Y. Shiu, P.G. Wells and D. Mackay.
1986. Acute lethal toxicity of hydrocarbonsand chlorinated
hydrocarbonsto two planktonic crustaceans:the key role of
organism-waterpartitioning. Aquat. Toxicol., 8(3): 163-174.

Abernethy, S.G., D. Mackay, and L.S. McCarty. 1988. "Volume
fraction" correlation for narcosis in aquatic organisms: the
key role of partitioning. Environ. Toxicol. Chem., 7: 469-481.

Adams, W.J., R.A. Kimerle, J.W. Barnett, Jr. 1992. Sedimentquality
and aquatic life assessment.Environ. Sci. Technol. 26(10):
1865-1875.

ADS associesltee. 1990. Usine de Napierville. Caracterisationet
mesuresde restaurationdu fosse de drainage. ADS associes
ltee, Montreal, Quebec, Projet 17-36-275-001.pp. 25.

Ahmad, N., DE Benoit, L. Brooke, D. Call, A. Carlson, D. DeFoe, J.
Huot, A. Moriarty, J. Richter, P. Shubat, G. Veith and C.
Wallbridge. 1984. Aquatic toxicity tests to characterizethe
hazardof volatile organicchemicalsin water: a toxicity data
summary — parts I and II. U.S. Environmental Protection
Agency, Duluth, Minnesota. EPA-600/3-84-009.

(ATRG) Aquatic Toxicity ResearchGroup. 1987. Aquatic toxicity
studies of multiple organic compounds. Part I: chlorinated
benzenesand chlorinated phenols summary report. (Interim).
Ontario Ministry of the Environment and Environment Canada.
277 pp.

Atkinson, R., S.M. Aschmann, A.M. Winer and J.N. Pitts. 1985.
Atmospheric gas phase loss processes for chlorobenzene,
benzotrifluoride and 4-chlorobenzotrifluoride, and
generalization of predictive techniques for atmospheric
lifetimes of aromatic compounds. Arch. Environ. Contam.
Toxicol., 14: 417-425.

Bachmann,A., W.de Bruin, J.C. Jumelet,H.H.N. Rijnaartsand A.J.B.
Zehnder. 1988. Aerobic biomineralization of alpha-
hexachlorocyclohexanein contaminatedsoil. Appl. Environ.
Microbiol. 54(2): 548-554.

Barber, L.B. 1988. Dichlorobenzenein ground water: evidence for
long-term persistence.Ground Water. 26(6): 696-702.

Barber, L.B., E.M. Thurman, and M.P. Schroeder. 1988. Long-term
fate of organic micropollutants in sewage-contaminated
groundwater. Environ. Sci. Technol. 22(2): 205-211.

Barker, J.F., J.S. Tessmann,P.E. Plotz and M. Reinhard. 1986. The

35



organic geochemistryof a sanitary landfill leachateplume.

.Barrick, R., S. Becker, L. Brown, H. and R. Pastorok. 1988'olume
I. Sediment quality values refinement: 1988 update and
evaluation of Puget Sound AET. PTI Environmental Services.
Bellevue, WA. 158 pp.

Barrows, M.E., S.R. Petrocelli and K.J. Macek. 1980.
Bioconcentrationand elimination by bluegill sunfish (Leoomis
macrochirus).In: Dynamics, Exposureand HazardAssessmentof
Toxic Chemicals, R. Haque, ed., Ann Arbor Science,Michigan,
pp. 379-392.

Bosma, T.N.P., J.R. van der Meer, G. Schraa, M.E. Tros and A.J.B.
Zehnder. 1988. Reductivedechlorinationof all trichloro- and
dichlorobenzeneisomers. FEMS Microbiol. Ecol. 53: 223-229.

Bouwer, E.J., P.L. McCarty and J.C. Lance. 1981. Trace organic
behaviour in soil columns during rapid infiltration of
secondarywastewater.Water Res., 15: 151-159.

Bouwer, E.J., and P.L. McCarty. 1982. Removal of tracechlorinated
organic compound. Environ. Scil Technol. 16(12): 836-843.

Bouwer, E.J. and P.L. McCarty. 1983. Transformationsof halogenated
organic compounds under denitrification conditions. Appl.
Environ. Microbiol. 45(4): 1295-1299.

Bouwer, E.J. and P.L. McCarty..1984. Modelling of trace organics
biotransformationin the subsurface.GroundWater, 22(4): 433-
440.

.Bouwer, E.J., P.L. McCarty, HE Bouwer and R.C. Rice. 1984. Organic
contaminantbehaviourduring rapid infiltration of secondary
wastewaterat the Phoenix 23rd Avenue project. Water Res.
18(4): 463-472.

Bouwer, E.J. 1985. Secondary utilization of trace halogenated
organic compounds in biofilms. Environ. Prog., 4(1): 43-45.

Bouwer, E.J. and P.L. McCarty. 1985. Utilization rates of trace
halogenated organic compounds in acetate-grown biofilms.
Biotech. Bioeng., 27: 1564-1571.

Calamari, D. S. Galassi and F. Setti. 1982. Evaluating the hazard
of organicsubstanceson aquaticlife: the paradichlorobenzene
example. Ecotoxic. Environ. Saf. 6, 369-378.

Calamari, D., S. Galassi, F. Setti and M. Vighi. 1983. Toxicity of
selected chlorobenzenesto aquatic organisms. Chemosphere,
12(2): 253-262.

36



Call, D.J. L.T. Brooke, M.L. Knuth, S.H. Poirier and M.D. Hoglund.
1985. Fish subchronictoxicity predictionmodel for industrial
organic chemicals that produce narcosis. Environ. Toxicol.
Chem. 4:335-341.

Callahan, M., M. Slimak, N. Gabel, I. May, C. Fowler, R. Freed, P.
Jennings, R. Durfee, F. Whitmore, B. Maestri, W. Mabey, B.
Holt and C. Gould. 1979. Water-relatedenvironmentalfate of
129 priority pollutants,vol. II. Office of Water Planningand
Standards/Officeof Water and WasteManagement,United States
Environmental Protection Agency, Section V (EPA 440/4-79-
029b).

Camford Information Services. 1991. ChlorobenzeneCPI product
profile. Don Mills, Ontario. 4 pp.

Canton, J.H., W. Sloof, H.J. Kool, J. Struys, TH. J.M. Pouw, R.C.C.
Wegman and G.J. Piet. 1985. Toxicity, biodegradability and
accumulation of a number of Cl/N-containing compounds for
classificationand establishingwater quality criteria. Reg.
Toxicol. Pharmacol.,5: 123-131.

Carlson, A.R. and P.A. Kosian. 1987. Toxicity of chlorinated
benzenes to fathead minnows (Pimeohales oromelas). Arch.
Environ. Contam. Toxicol., 16: 129-135.

Chan, C.H. and J. Kohli. 1987. Surveys of trace contaminationin
the St ~ Clair River, in 1985. Environment Canada, Science
Series No. 158, Inland Waters Directorate, Ontario Region,
National Water Quality Branch Laboratory, Canada Centre for
Inland Waters, Burlington, Ontario.

Chapman, P.M. 1989'urrent approachesto developing sediment
quality criteria. Environ. Toxicol. Chem., 8: 589-599'hemical Marketing Reporter. 1990. Chemical profile p-
dichlorobenzene.July 16, 1990.

Chiou, C.T., P.E.. Porter and D.W. Schmedding. 1983. Partition
equilibria of nonionic organic compoundsbetweensoil organic
matter and water. Environ. Sci. Technol. 17(4): 227-231.

Curtis, M.W., T.L. Copelandand C.HE Ward. 1979. Acute toxicity of
12 industrial chemicalsto freshwaterand saltwaterorganisms.
Water Res. 13: 137-141.

Curtis, M.W., and C.H. Ward. 1981. Aquatic toxicity of forty
industrial chemicals: testing in support of hazardous
substancespill preventionregulation.J. Hydrology, 51: 359-
367.

Dann, T. 1985. unpubl. Ambient air concentrationsof volatile
37



organic compounds in Toronto and Montreal. Pollution
MeasurementDivision, Technology Development and TechnicalServicesBranch, River Road EnvironmentalTechnologyCentre,
Environment Canada.pp. 83 + appendices.

.Dann, T. 1992. Personal communication. Pollution Measurement
Division, Conversationand Protection. Environment Canada.

Davis, T. 1991. Personal communication. PesticidesDirectorate,Agriculture Canada.

Demirjian, Y.A., A.M. Joshi and T.R. Westman. 1987. Fate of organic
compounds in land application of contaminated municipalsludge. J. Water Poll. Control Fed. 59(1): 32-38.

De Bont, J.A.M., M.A.W., Vorage, S. Hartmans, and W.J.J. van den
Tweel. 1986. Microbial degradationof 1,3-dichlorobenzene.
Appl. Environ. Microbiol., 52(4): 677-680.

De Wolf W., J.H. Canton, J.W. Deneer, R.C.C. Wegman and J.L.M.
Hermens. 1988. Quantitativestructure-activityrelationships
and mixture-toxicity studies of alcohols and
chlorohydrocarbons:reproducibility of effects on growth andreproductionof Daohnia maana. Aquat. Toxicol. 12(1):39-49.

Di Toro, D.M., C.S. Zarba, D.J. Hansen, W.J. Berry, R.C. Swartz,
C.E. Cowan, S.P. Pavlou, H.E. Allen, N.A. Thomas, and P.R.Paquin. 1991. Technical basis for establishing sedimentquality criteria for nonionic organic chemicals usingequilibrium partitioning. Environ. Toxicol. Chem., 10: 1541-
1583.

Durham, R.W. and B.G. Oliver. 1983. History of Lake Ontariocontaminationfrom the Niagara River by sedimentradiodating
and chlorinated hydrocarbon analysis. J. Great Lakes Res.
9(2): 160-168.

Elder, V.A., B.L. Proctor, and R.A. Hites. 1981. Organic compounds
found near dump sites in Niagara Falls, New York. Environ.Sci. Technol., 15(10): 1237-1243.

Ellington, J.J., F.E. Stancil, W.D. Payne, and D.C. Trusty. 1988.
Measurementof hydrolysis rate constants for evaluation ofhazardouswaste land disposal.Volume 3: Data on 70 chemicals.Environmental Research Laboratory, U.S. EnvironmentalProtectionAgency, EPA/600/3-88/-28.

Environment Canada. 1985a. The national incinerator testing andevaluation program: two-stage combustion (Prince EdwardIsland). Summary Report. Urban Activities Division,EnvironmentalProtectionService, Environment Canada. Report
EPS/UP/1, pp. 85.

38



Environment Canada. 1985b. Ambient air concentrationsof volatile
organic compounds in Toronto and Montreal. River Road
EnvironmentalTechnologyCentre. Ottawa, Ontario, pp. 83.

Environment Canada. 1988. National incinerator testing and
evaluation program: environmental characterizationof mass
burning incinerator technologyat QuebecCity. Environmental
Protection, Environment Canada. Report EPS 3/UP/5. pp. 97.

Environment Canada. 1983. unpubl. Chlorobenzeneuse patterns.Use
PatternsDivision, Commercial Chemicals Branch, Environment
Canada. pp. 5.

EnvironmentCanada. 1989. Environmentalassessmentof the Canadian
textile industry. Report EPS 5/TX/1. Chemical Industries
Division, Industrial ProgramsBranch, EnvironmentCanada. 104
pp ~

Environment Canada'990(unpubl.). Imports of chlorobenzenes.
Commercial ChemicalsBranch. Environment Canada.

Environment Canada. 1991 (unpubl.). Update and summary report.
Measurementprogram for toxic contaminantsin Canadianurban
air. River Road EnvironmentalTechnologyCentre. PMD 91-2.

Environment Canada. 1992. NAQUADAT database for 1,4-
dichlorobenzene.

EVS Consultants.1992. Sedimentand related investigationsoff the
Macaulay and Clover Point sewage outfalls. EVS Consultants,
North Vancouver, B.C., pp. 193

Fanning, M.L., D.J. Jones, D.W. Larson, and R.G. Hunter. 1989.
Environmentalmonitoring 1987 Iona deep sea outfall project.
Beak AssociatesConsulting, Vancouver, B.C.

Fathepure, B.Z., J.M. Tiedje, and S.A. Boyd. 1988. Reductive
dechlorination of hexachlorobenzene to tri-and
dichlorobenzenesin anaerobicsewagesludge. Appl.. Environ.
Microbiol. 54(2): 327-330.

Figueroa, I.D.C. and M.S. Simmons. 1991. Structure-activity
relationshipsof chlorobenzenesusing DNA measurementas a
toxicity parameterin algae. Environ. Toxicol. Chem. 10: 323-
329.

Firor, J. 1990. The ChangingAtmosphere— A Global Challenge.Yale
University Press, New Haven & London.

ForatekInternationalInc. 1987. etudede caract6risationa l'usine
de Recochem Inc. a Napierville. Forhtek International Inc.,
Quebec, Quebec.

39



Foratek Inc. 1989. Caracterisationcomplementairea l'usine de
RecochemInc. a Napierville. Foratek Inc., Quebec, Quebec.

Fox, M.E., J AH. Carey and B.G. Oliver. 1983. Compartmental
distribution of organochlorinecontaminants in the Niagara
River and the western basin of Lake Ontario. J. Great Lakes
Res., 9(2): 287-294.

Garrison, A.W., and D.W. Hill. 1972. Organic pollutants from mill
persist in downstreamwaters. American Dyestuff Reporter: 21-
25.

Galassi, S. and M. Vighi. 1981. Testing toxicity of volatile
substanceswith algae. Chemosphere,10(10): 1123-1126.

Germain, A., and C. Langlois. 1988. Contaminationdes eaux et des
sediments en suspension du fleuve Saint-Laurent par les
pesticides organochlores, les biphenyls polychlores etd'autres contaminantsorganiquesprioritaires. Water Poll.
Res. J. Canada, 23)4): 602-614.

Gersich, F.M., F.A. Blanchard, S.L. Applegath and C.N. Park. 1986.
The precisionof daphnid (Daohnia machina strauss,1820) static
acute toxicity tests. Arch. Environ. Contam. Toxicol., 15:
741-749.

Giavini, E., Boccia, M.L., Prati, M ~ , and Vismara, C. 1986.
Teratologicevaluationof p-dichlorobenzenein the rat. Bull.
Environ. Contam. Toxicol. 37: 164-168

Hannah, S.A., B.M. Austern, A.E. Eralp and R.H. Wise. 1986.
Comparative removal of toxic pollutants by six wastewater
treatmentprocesses'.Water Poll. Control Fed., 58(1): 27-
34.

Haider, K., G. Jagnow, R. Kohnen, and S.U. Lim. 1981. Degradation
of chlorinatedbenzenes,phenols and cyclohexanederivatives
by benzene-and phenol-utilizing soil bacteriaunder aerobic
conditions. In: Decompositionof Toxic and Nontoxic Organic
Compounds in Soils, MAR. Overcash (ed.). Ann Arbor Science,
Ann Arbor Michigan, pp. 207-233.

Hayes, W.C., Hanley, T.R., Gushow, T.S., Johnson,K.A., and John,
J.A. 1985. Teratogenicpotential of inhaled dichlorobenzenes
in rats and rabbits. Fundam. Appl. Toxicol., 5(1): 190-202.

Heitmuller, P.T., T.A. Hollister and P.R. Parrish. 1981'cutetoxicity of 54 industrial chemicals to sheepsheadminnows
(Cvorinodon variecratus).Bull. Environ. Contam. Toxicol. 27:
596-604.

Hengeveld, H. 1992. Personal communication. Canadian Climate

40



Centre, Atmospheric Environment Service, Environment Canada.

Hermens, J., H. Canton, P. Janssen and R. de Jong. 1984.
Quantitative structure-activity relationships and toxicity
studiesof mixtures of chemicalswith an anaestheticpotency:
acute lethal and sublethal toxicity to Daohnia maana. Aquat.
Toxicol., 5: 143-154.

Hermens, J., E. Broekhuyzen, H. Canton and R. Wegman. 1985'uantitativestructure-activity relationships and mixture
toxicity studiesof alcohols and chlorohydrocarbons:effects
on growth of Davhnia maana. Aquat. Toxicol. 6:209-217.

Holliger, C., G. Schraa, A.J.M. Stams and A.J.B. Zehnder.
Enrichment and properties of an anaerobic mixed culture
reductively dechlorinating 1,2,3-trichlorobenzeneto 1,3-
dichlorobenzene.Appl. Environ. Microbiol. 58(5): 1636-1644.

Hollingsworth, R.L., V.K. Rowe, F. Oyen, H.R. Hoyle, and H.
Spencer. 1956. Toxicity of paradichlorobenzene;determinants
on experimentalanimalsand humansubjects.Arch. Ind. Health,
14: 138-147.

Howard, P.H. 1989. Handbookof EnvironmentalFate and ExposureData
for Organic Chemicals.Volume I. Large Productionand Priority
Pollutants. Lewis Publishers,Chelsea,Michigan.

Howard, P.H., G.W. Sage, W.F. Jarvis and D.A. Gray. 1990. Handbook
of environmentalfate and exposuredata for organicchemicals.
Volume II. Solvents. Lewis Publishers.

Hutchins, S.R., M.B. Tomson and C.H. Ward. 1983. Trace organic
contaminationof ground water from a rapid infiltration site:
a laboratory-fieldcoordinatedstudy. Environ. Toxicol. Chem.
2 195-216.

Hutchins, S.R., M.B. Tomson, J.T. Wilson and C.H. Ward. 1984'ate
of trace organics during rapid infiltration of primary
wastewaterat Fort Devens, Massachusetts.Water Res. 18(8):
1025-1036.

(IPCC) IntergovernmentalPanel on Climate Change. 1990. Climate
change: the IPCC scientific assessment.(Eds.) Houghton, J.T.,
G. Jenkinsand H.H. Ephraums.CambridgeUniversity Press.New
York.

Kao, C. and Poffenberger,N. 1979. Chlorinatedbenzenes.In: Kirk
Othmer. Encyclopedia of Chemical Technology. 3rd Edition,
Volume 5. John Wiley & Sons, Toronto. pp. 797-808.

King, L. and G. Sherbin. 1986. Point sourcesof toxic organics to
the upper St. Clair River. Water Pollut. Res. J. Canada21(3):

41



433-443.

Kirk, P.W.W., H.R. Rogers and J.N. Lester. 1989. The fate of
chlorobenzenesand permethrinsduring anaerobicsewagesludge
digestion. Chemosphere18(9/10): 1771-1784.

Konemann,H. 1981. Quantitativestructure-activityrelationshipsinfish toxicity studies. Toxicol. 19: 209-221.

Kuhn, E.P., P.J. Colberg, J.L. Schnoor, 0. Wanner, A.J.B. Zehnder
and R.P. Schwarzenbach.1985. Microbial transformationsofsubstituted benzenes during infiltration of river to
groundwater: laboratory column studies. Environ. Sci.
Technol., 19: 961-968.

Kuhn, R., M. Pattard, K.D. Pernak, and A. Winter. 1989. Resultsof
the harmful effects of water pollutants to Daphnia maana in
the 21 day reproductiontest. Wat. Res., 23(4): 501-510.

Kuhn, R and M. Pattard. 1990. Results of the harmful effects of
water pollutants to green algae (Scenedesmussubsvicatus) in
the cell multiplication inhibition test. Water Res., 24(1):
31-38.

Kuntz, K.W., and N.D. Warry. 1983. Chlorinatedorganiccontaminants
in water and suspendedsedimentsof the lower Niagara River.
J. Great Lakes Res., 9(2): 241-248.

LeBlanc, G.A. 1980. Acute toxicity of priority pollutants to waterflea (Daahnia maana). Bull. Environ. Contam. Toxicol., 24:
684-691.

Ligocki, M.P., C. Leuenbergerand J.F. Pankow. 1985. Trace organic
compounds in rain — II. Gas scavengingof neutral organic
compounds.Atmospheric Environment, 19(10): 1609-1617.

Loeser, E. and M.H. Litchfield. 1983. Review of recent toxicologystudieson p-dichlorobenzene.Fd. Chem. Toxicol ~ , 21(6): 825-
832.

Mackay, D. and A.T.K. Yuen. 1983. Mass transfer coefficients forvolatilization of organic solutes from water. Environ. Sci.
Technol., 17: 211-217.

Mackay, D ~ , W.Y. Shiu and K.C. Ma. 1992. The IllustratedHandbook
of Physical-ChemicalProperties and Environmental Fate for
Organic Chemicals. Vol. I, MonoaromaticHydrocarbons,
Chlorobenzenesand PCBs. Lewis Publishers,Inc., MI, USA. pp.697.

MacLaren Marex Inc. 1979. Report on an environmental survey for
chlorobenzenesat four coastal sites in Nova Scotia, 18 pp.

42



Reportpreparedfor EnvironmentalProtectionService,Halifax,
MNS. pp. 33.

Maguire, J., and R.J. Tkacz. 1989. Potential underestimationofchlorinated hydrocarbon concentrations in fresh water.
Chemosphere,19(8/9): 1277-1287.

Mansour, M., E. Feicht, and P. Meallier. 1989. Improvementof thephotostability of selected substancesin aqueous medium.
Toxicol. Environ. Chem. 20/21: 139-147.

Marcos, R. 1992 (unpubl.). U.S. EPA TRI releaseinventory 1989 for
PSL substances. Industrial Programs Branch, Environment
Canada.

Marsalek, J., and H. Schroeter. 1988. Annual loadings of toxic
contaminants in urban runoff from the Canadian Great Lakes
basin. Water Poll. Res. J. Canada. 23(3): 360-378.

Martel, R. 1988. Groundwatercontaminationby organic compoundsin
Ville Mercier: new developments. In: NATO/CCMS Second
International Conference. Demonstration of Remedial Action
Technologiesfor ContaminatedLand and Groundwater,Bilthoven,
The Netherlands,7-11 November, pp. 144-177.

Martel, R., and P. Ayotte. 1989. Etat de la situation sur la
contaminationde la nappe souterrainedans la region de laville de Mercier. Ministere de l'Environnementdu Quebec.

Mayes, M.A., H.C. Alexander and D.C. Dill. 1983. A study to assess
the influence of age on the responseof fathead minnows instatic acute toxicity tests.Bull. Environ. Contam. Toxicol.,
31: 139-147.

Mayes, M.A., T.J~ Shaferand M.G. Barron. 1988. Critical evaluation
of the fatheadminnow 7-day static renewal test. Chemosphere,
17(11): 2243-2252.

McCall, J.P., D.A. Laskowski, R.L. Swann, and H.J. Dishburger.
1981. Measurement of sorption coefficients of organic
chemicals and their use in environmental fate analysis. In:
Test Protocols for Environmental Fate and Movement of
Toxicants.Proceedingsof a Symposium.Associationof Official
Analytical Chemists.94th Annual Meeting, October21-22, 1980.

McCarty, P.L. and M. Reinhard. 1980. Trace organics removal by
advancedwastewatertreatment. J. Water Poll. Control Fed.,
52(7): 1907-1922.

Melcer, H. H. Monteith and S.G. Nutt. 1988. Variability of toxic
trace contaminantsin municipal sewagetreatmentplants. Wat.
Sci. Tech., 20(4/5: 275-284.

43



Melcer, H. 1990. Volatile organic emission from municipal sewage
treatmentplants.WastewaterTechnologyCentreNewsletter,No.
15. 3 pp.

:Merriman, J.C. 1987. Trace organic contamlnantsin sedimentof the
international section of the St. Lawrence River, 1981.
TechnicalBulletin No. 148. EnvironmentCanada,Water Quality
Branch, Inland Waters/LandsDirectorate,Burlington, Ontario.

Miranda, D.L., J.L. Wang, M.C. Henderson, H.S. Nakaue and D.R.
Buhler. 1984. Effects of chlorobenzeneson hepaticporphyrin
and drug metabolism in chick embryo and day-old chick.
ResearchCommunicationsin ChemicalPathologyand Pharmacology
46 13-24.

Morrison, R.T. and R.N ~ Boyd. 1987. Organic chemistry. Fifth
edition. New York University, Allyn and Bacon, Inc. Toronto.

NRDIG (Niagara River Data Interpretation Group). 1988. Joint
evaluation of upstream/downstreamNiagara River monitoring
data. 1986-1987. 37 pp.

.NRDIG (Niagara River Data Interpretation Group). 1990. Joint
evaluation of upstream/downstreamNiagara River monitoring
data. 1988-1989. 72 pp.

(NTP) National Toxicology Program. 1987. NTP technical report on
the toxicology and carcinogenicity studies of 1,4-
dichlorobenzene(CAS No. 106-46-7) in F344/N rats and B6C3F1
mice (gavage studies). NTP TR 319, U.S. Dept. of Health and
Human Services, Research Triangle Park, North Carolina,
pp.198.

OECD. 1979. Chemicals Testing Programme, Expert Group Physical
Chemistry. Final Report (Draft), vol. II. Berlin. (Quoted in
Rippen, et al., 1984).

Oliver, B.G., E.G. Cosgrove, and J.H. Carey. 1979. Effect of
suspendedsedimentson the photolysis of organics in water.
Environ. Sci. Technol. 13(9): 1075-1077.

Oliver, B.G. and K.D. Bothen. 1982'xtraction and clean-up
proceduresfor measuringchlorobenzenesin sedimentsand fish
by capillary gas chromatography. Intern. J. Environ. Anal.
Chem. 12: 131-139.

Oliver, B.G. and K.D. Nicol. 1982. Chlorobenzenesin sediments,
water, and selectedfish from Lakes Superior, Huron, Erie, and
Ontario. Environ. Sci. Technol. 16(8): 532-536.

Oliver, B.G. and A.J. Niimi. 1983. Bioconcentration of
chlorobenzenesfrom water by rainbow trout: correlationswith

44



partition coefficients and environmental residues. Environ.
Sci. Technol. 17: 287-291.

Oliver, B.G. and M.N. Charlton. 1984. Chlorinated organic
contaminantson settling particulates in the Niagara River
vicinity of Lake Ontario. Environ. Sci. Technol. 18(12): 903-
908.

Oliver B.G. and K.D. Nicol. 1984. Chlorinatedcontaminantsin the
Niagara River, 1981-1983. Sci. Total Environ. 39: 57-70.

Oliver, B.G. 1985. Desorption of chlorinated hydrocarbons from
spiked and anthropogenically contaminated sediments.
Chemosphere.14(8): 1087-1106.

Oliver, B.G. and C.W. Pugsley. 1986. Chlorinated contaminantsin
St. Clair River sediments.Water Poll. Res. J. Canada, 21(3):
368-379.

Oliver, B.G., and J.H. Carey. 1986. Photodegradationof wastesand
pollutants in aquatic environment. In: Homogeneous and
HeterogeneousPhotocatalysis,E. Pelizzetti and N. Serpone
(eds.). D. Reidel Publishing Company.

Oliver, B.G. 1987a. Fate of some chlorobenzenesfrom the Niagara
River in Lake Ontario. In: Hites, R.A. and S.J. Eisenreich,
(ed.), Sourcesand Fates of Aquatic Pollutants, Advances in
ChemistrySeries,American Chemical Society, Washington, D.C.

Oliver, B.G. 1987b. Biouptake of chlorinated hydrocarbons from
laboratory-spikedand field sedimentsby oligochaeteworms.
Environ. Sci. Technol. 21(8): 785-790.

Oliver, B.G. 1992. Personal communication. Zenon Laboratories.
Burnaby, British Columbia.

Ongley, E.D., D.A. Birkholz, J.H. Carey and M.R. Samoiloff. 1988.
Is water a relevant sampling medium for toxic chemicals? Analternativeenvironmentalsensingstrategy.J. Environ. Qual.,
17(3): 391-401.

(OME) Ontario Ministry of the Environment. 1988. Thirty-seven
municipal water pollution control plants. Volume 1. MunicipalIndustrial Strategyfor Abatement (MISA). Interim Report. pp.
97.

(OME) Ontario Ministry of the Environment. 1991a. Preliminary
report on the first six months of processeffluent monitoring
in the MISA pulp and paper sector (January1,, 1990 to June
30, 1990). Municipal/IndustrialStrategyfor Abatement (MISA).
Water ResourcesBranch, Ontario Ministry of the Environment.
176 pp.

45



(OME) Ontario Ministry of the Environment. 1991b. Preliminary
report on the secondsix months of processeffluent monitoring
in the MISA pulp and paper sector (July 1, 1990 to December
31, 1990). Municipal/IndustrialStrategyfor Abatement (MISA).
Water ResourcesBranch, Ontario Ministry of the Environment.
159 pp.

(OME) Ontario Ministry of the Environment. 1992 (unpubl.). Twelve
month report. Organicmanufacturingsector.Municipal Strategyfor Abatement (MISA). Municipal/Industrial Strategy for
Abatement (MISA) . Water ResourcesBranch, Ontario Ministry of
the Environment. 81 pp.

(OME) Ontario Ministry of the Environment. 1992a. Six month
monitoring data report organic chemical manufacturingsector
(October 1, 1989 to March 31, 1990). Municipal/Industrial
Strategyfor Abatement (MISA). Water ResourcesBranch, Ontario
Ministry of the Environment. 123 pp.

(OME) Ontario Ministry of the Environment. 1992b. Twelve month
monitoring data report. Inorganic chemical sector. Periods
covered: December 1, 1989 to November 30, 1990; February 1,
1990 to January 31, 1991. Municipal/Industrial Strategy for
Abatement (MISA). MISA Industrial Section, Water Resources
Branch, Ontario Ministry of the Environment. 81 pp.

Pankow, J.F., L.M. Isabelle, J.P. Hewetsonand J.AD Cherry. 1984a.
A syringe and cartridge method for down-hole sampling fortrace organics in ground water. Ground Water 22(3): 330-339.

Pankow, J.F., L.M. Isabelle and W.E. Asher. 1984b. Trace organic
compounds in rain. 1. Sampler design and analysis byadsorption/thermaldesorption (ATD). Environ. Sci. Technol.
18(5): 310-318.

Pankow, J.F., L.M. Isabelle, J.P. Hewetson and J.A. Cherry. 1985.
A tube and cartridgemethod for down-hole sampling for trace
organic compounds in ground water. Ground Water. 23(6): 775-
782.

Pereira,W.E., C.E. Rostad, C.T. Chiou, T.I. Brinton,, L.B. Barber,
D.K. Demcheckand C.R. Demas. 1988. Contaminationof estuarine
water, biota, and sedimentby halogenatedorganic compounds:
a field study. Environ. Sci. Technol., 22(7):'772-778.

ProcessIndustriesCanada1989, 1990 and 1991. Chemical suppliers.
Ramanathan,V., R.J. Cicerone, H.B. Singh, and J.T. Kiehl. 1985.

Trace gas trends and their potential role in climate change.J. Geophys. Res. 90(D3): 5547-5566.

Reinhard, M., Goodman, N.L. and Barker, J.F. 1984. Occurrenceand

46



distribution of organic chemicals in two landfill leachate
plumes. Environ. Sci. Technol. 18(12): 953-961.

Ribo, J.M. and K.L.E. Kaiser. 1983. Effects of selectedchemicals
to photoluminescentbacteriaand their correlationswith acute
and sublethal effects on other organisms. Chemosphere
12(11/12): 1421-1442.

Rippen, G., W. Klopffer, R. Frische, and K-O. Gunther. 1984. The
environmental model segment approach estimating potential
environmentalconcentrations.Ecotoxicol. Environ. Saf., 8:
363-377.

Sadtler ResearchLaboratories. 1982. 1,4-Dichlorobenzene.Sadtler
ResearchLaboratories,Division of Bio-Rad LaboratoriesInc.

Schraa, G., M. L. Boone, M.S.M. Jetten, A.R.W. van Neerven, P.J.
Colberg and A. J.B. Zehnder. 1986. Degradation of 1,4-
dichlorobenzeneby Alcalicrenessp. strainA175. Appl. Environ.
Microbiol., 52(6): 1374-1381.

Schraa,G and J.R. van der Meer. 1987. Biotransformationsof di-and
trichlorinatedbenzenes.In: Moody, G.W.andBaker P.B. (eds.).
International Conference on Bioreactors and
Biotransformations.Gleneagles,Scotland, UK: 9-12 November
1987. Elsevier Appl. Sci. London, UK.

Schwarzenbach,R.P., E.Molner-Kubica., W. Giger and S.G. Wakeham.
1979. Distribution, residence time, and fluxes of
tetrachloroethyleneand 1,4-dichlorobenzenein Lake Zurich,
Switzerland. Environ. Sci. Technol. 13(11): 1367-1373.

Shane, BUS., C.B. Henry, J.H. Hotchkiss, K.A. Klausner, W.H.
Gutenmannand D.J. Lisk. 1990. Organic toxicantsand mutagens
in ashes from eighteenmunicipal refuse incinerators. Arch.
Environ. Contam. Toxicol. 19: 665-673.

Singh, HE BE , L.J. Salas, A.J. Smith and H. Shigeishi. 1981.
Measurementsof some potentially hazardousorganic chemicals
in urban environments.Atmos. Environ. 15: 601-612.

Singh, H.B., L.J. Salas, R. Stiles, and H. Shigeishi. 1983.
Measurementsof hazardousorganic chemicals in the ambient
atmosphere.Environmental SciencesResearchLaboratory-RTP,
Office of Research and Development, United States
EnvironmentalProtectionAgency. PB83-156935. EPA/600/09

Sloof, W., 1979. Detection limits of a biological monitoring system
based on fish respiration. Bull. Environ. Contam. Toxicol.,
23: 517-523.

Spain, J.C. and S.F. Nishino. (1987). Degradation of 1,4-

47



dichlorobenzene by a Pseudomonas ~s . Appl. Environ.
Microbiolog. 53: 1010-1019.

Spicer, C.W., R. M. Riggin, M.W. Holdren, F.L. DeRoos, and R.N.
Lee. 1985. Atmospheric reaction products from hazardousairpollutant degradation. Atmospheric Sciences Research
Laboratory, U.S. Environmental Protection Agency, Research
Triangle Park. PB85-185841.EPA/600/3-85/028.

Stevens, R.J.J. and M.A. Neilson. 1989. Inter- and intralakedistribution of trace contaminantsin surfacewaters of the
Great Lakes. J. Great Lakes Res. 15(3): 377-393.

Sylvestre, A. 1987. Organochlorinesand polyaromatichydrocarbons
in the St. LawrenceRiver at Wolfe Island, 1982/84. TechnicalBulletin No. 144, Inland Waters/Lands Directorate, Water
Quality Branch, Environment Canada. pp. 11.

Tabak, H.H., S.A. Quave, C.I. Mashni and E.F. Barth. 1981.
Biodegradability studies with organic priority pollutant
compounds.J. Water Poll. Control Fed. 53(10): 1503-1518.

Topping, B. 1987'hebiodegradabilityof para-dichlorobenzeneandits behaviour in model activated sludge plants. Wat. Res.
21(3): 295-300.

U.S. EPA. 1978. In-depth studies on health and environmental
impacts of water pollutants. U.S. Env. Prot. Agency, Contract
No. 68-01-4646. (Also cited in U.S. EPA, 1980a and b).

U. S. EPA. 1980. Ambient water quality criteria for
dichlorobenzenes.Office of Water, Regulationsand Standards,Criteria and Standards Division, EPA 440/5-80-039 (PB-81-
117525). (SecondaryReference)

U.S. EPA. 1982. Human Exposure to Atmospheric Concentrationsof
Selected Chemicals, Volume II: A Summary of Data on
Chlorobenzenes.Office of Air Quality Planningand Standards,
ResearchTriangle Park, North Carolina. PB83-265249.pp.7-4—
7-52.

U.S. EPA. 1983. Toxicity and metabolismstudieswith EPA prioritypollutants and related chemicals in freshwater organisms.
Environmental Research Laboratory-Duluth, United States
EnvironmentalAgency, (PB83-263665). 134 pp.

U.S. EPA. 1986. Locating and estimatingair emissionsfrom sourcesof chlorobenzenes. Office of Air Quality Planning andStandards,United StatesEnvironmentalAgency, 146 pp. (EPA-
450/4-84-007m). 135pp. (PB87-189841/REB)

U.S. EPA. 1987. Health advisories for 25 organics. Office of

48



Drinking Water, United StatesEnvironmentalProtectionAgency,
399 pp. (PB87-235578)~

U.S. EPA. 1991. Minimization and control of hazardouscombustion
byproducts.U.S. EnvironmentalProtectionAgency, Researchand
Development, Risk Reduction Engineering Laboratory,
Cincinnati, Ohio, EPA/600/S2-90/039.

van der Meer, J.R., W. Roelofsen, G. Schraa and A.J.B. Zehnder.
1987. Degradationof low concentrationsof dichlorobenzenes
and 1,2,4-trichlorobenzeneby Pseudomonassp. strain P51 in
nonsterilesoil columns. FEMS Microbiol. Ecology, 45: 333-341.

van Gestel, C.A.M., W. Ma and C.E. Smit. 1991. Developmentof QSARs
in terrestrial ecotoxicology: earthworm toxicity and soil
sorptionof chlorophenols,chlorobenzenesanddichloroaniline.
The Sci. Total Environ., 109/110: 589-604.

van Leeuwen, C.J., D.M AM. Adema and J. Hermens. 1990. Quantitative
structure-activity relationships for fish early life stage
toxicity. Aquat. Toxicol., 16: 321-334.

van Leeuwen, C., P.T.J. van der Zandt, T. Aldenberg, H.J.M. Verhaar
and J.L.M. Hermens. 1992. Application of QSARs, extrapolation
and equilibrium partitioning in aquaticeffectsassessment.I
Narcotic industrial pollutants. Environ. Toxicol. Chem., 11:
267-282.

Veith G.D., K.J. Macek, S.R. Petrocelli and J. Carroll. 1980. An
evaluation of using partition coefficients and water
solubility to estimatebioconcentrationfactors for organic
chemicals in fish. Aquatic Toxicology, ASTM STP 707. J.G.
Eaton, P.R. Parrishand A.C. Hendricks, Eds., American Society
for Testing and Materials. pp. 116-129.

Ueith, G.D., D.J. Call and L.T. Brooke. 1983. Structure-toxicity
relationships for the fathead minnow, Pimeohalesoromelas:
narcotic industrial chemicals. Can. J. Fish. Aquat. Sci. 40:
743-748.

Wakeham, S.G., A.C. Davis and J.L. Karas. 1983. Mesocosm
experimentsto determinethe fate and persistenceof volatile
organic compoundsin coastalseawater.Environ. Sci. Technol.
17: 611-617.

Webber, M.D., and S. Lesage. 1989. Organic contaminantsin Canadian
municipal sludges.Waste Management& Research7: 63-82.

Wong, P.T.S., Y.K. Chau, J.S. Rhamey and M. Docker. 1984.
Relationshipbetweenwater solubility of chlorobenzenesand
their effects on a freshwateralga. Chemosphere,13(9): 991-
996.

49



I

Wilson, J.T., C.G. Enfield, W.J. Dunlap, R.L. Cosby, D.A. Foster,
and L.B. Baskin. 1981. Transportand fate of selectedorganic
pollutants in a sandysoil. J. Environ. Qual., 10(4): 501-506.

Zoeteman,B.C.J., K. Harmsen,J.B.H.J. Linders, C.F.H. Morra and W.
Sloof. Persistent organic pollutants in river water and
groundswater of the Netherlands.Chemosphere,9: 231-249.

50



TABLES

Table 2-1. Physical and Chemical Properties

oi',4-dichlorohenzene

PROPERTY REFERENCE

Molecular Weight (g/mol)
Melting Point ( )
Boiling Point (')
Density

(g/ml 0 20'C)
Solubility in Water

(mg/L 8 25'C)
Vapour Pressure(Pa)
Octanol-waterPartition

Coefficient (Log Kow)
Henry's Law

(Pa m'/mol)
Soil Organic

Distribution
Coefficient (Log Kom)

147.01
53.7
174.6

1.2475

79
90.2

3.40 + 0.1

160

2.20

Mackay et al.
Mackay et al.
Mackay et al.

(1992)
(1992)
(1992)

Mackay et al. (1992)

Mackay et al.
Mackay et al. (1992)

(1992)

Chiou et al. (1983)

Mackay et al. (1992)

Mackay et al. (1992)
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Table 3-1 Use patternof dichlorobenzenesin Canada(tonnes)'ear

1984 1985 1986 1987 1988 1989 1990 1995f

Domestic
production
Imports
Total supply

4000 4500 3600 2500 2100 1900 1900 2500

1712 1102 1922 3334 3919 3540 3900 3500

5712 5602 5522 5834 6019 5440 5800 6000

Camford Information Services, 1991; isomer not specified
forecasted

Table 3-2 Imports of 1,4-dichlorobenzeneinto Canada'ear
Amount (tonnes)

1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980

3,386.2
2,975.0
2,813.1
3,269.2
1,650.5

990.1
li633.0
2,059.0
2,457.0
3,629.0
4,607.0

Data from StatisticsCanada
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Table 3-3 Levels of 1,4-Dichlorobenzenein Industrial and Municipal Wastewaterin Canada

Location Year Concentration(ng/L)
Mean Range

min max

Reference

Water Pollution Control Plants
WPCP ON
WPCP ON
Gait, WPCP'N
Waterloo WPCP ON
Welland WPCP ON
Vancouver, BC

(compositesample)
(grab sample)

Pulp and PaperMills

1980
1986

1987
1987

660

1400
900
900

&240

(484-920)
(ND-2744)

(&10-390)
(170-700)

Oliver and Nicol (1982)
OME (1988)
Melcer et al. (1988)
Melcer et al. (1988)
Melcer et al. (1988)

Fanning et al. (1989)
Fanning et al. (1989)

Fort Francis, ON
Iroquois Falls, ON
Beaver Wood, ON
JamesRiver, ON
Malette, ON
Trent Valley, ON
Kenora, ON

Textile Plants

1986
1990
1990
1990
1990
1990
1990

ND2

40
280
1600
90
150
50

(&DL -220)
(&DL-1710)
(&DL-9600)
(&DL-440)
(&DL-310)
(&DL-300)

Merriman (1988)
OME (1991a)

OME (1991a)
OME (1991a)
OME (1991a)
OME (1991a)
OME (1991b)

Cambridge, ON
Bramalea, ON
Woodstock, ON
Magog/Beauharnois,QU

WPCP — Water Pollution
DL — &0.1 ng/L
DL — &1.7 pg/L

1000
36000
71100

1985/86
1985/86
1985/86
1985/86
Control Plant

(ND-3400)

Environment Canada (1989)
Environment Canada (1989)
Environment Canada (1989)
Environment Canada (1989)
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Table 3-3 cont'd Levels of 1,4-Dichlorobenzenein Industrial and Municipal Wastewaterin
Canada

Media/Location Year Mean (Range ng/L) Reference
min max

Textile Plants

Truro, NS (1,3-&1,4-DCB) 1979

Organic Chemical Plant
(7500-9400) Maclaren Marex Inc. (1979)

Sarnia, ON
landfill leachate
Outfall
Township ditch
loading

Sarnia, ON
loading

Sarnia, ON
loading

Sarnia; ON
loading

Sarnia, ON

loading
Naitland, ON

loading

1985
1985
1985
1985
1989/90
1989/90
1989/90
1989/90
1989/90
1989/90
1989/90

260
13000
5000
0.035 kg/d
3500
0.002 kg/d
3900
0.118 kg/d
300
0.052 kg/d

200
200
200
200
200
500
2400

1989/90 0 '65 kg/d
1989/90 300
1989/90 0.055 kg/d

King
King
King
King
OME
ONE
OME
OME
OME
OME
OME
OME
OME
OME
OME
OME
OME
OME
OME
OME

& Sherb1n (1986)
& Sherbin (1986)
& Sherbin (1986)
& Sherbin (1986)

(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992, unpubl.)
(1992a)
(1992a)
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Table 3-3 cont'd Levels of 1,4-Dichlorobenzenein Industrial and Municipal Wastewaterin
Canada

Media/Location Year Mean (Range ng/L) Reference
min max

Inorcranic Plant

Niagara Falls, ON
loading

Niagara Falls, ON
loading

Niagara Falls, ON
loading

Sault St. Marie, ON
loading

1990/91
1990/91
1990/91
1990/91
1990/91
1990/91
1990/91
1990/91

1100
0.004 kg/d

1100
0.003 kg/d

1450
0.005 kg/d

1100
0.001 kg/d

OME (1992b)

OME (1992b)

OME (1992b)

OME (1992b)
OME (1992b)
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Table 3-4. Emission factors for 1,4-dichlorohensene

Emission category kg 1,4-DCB emitted per tonne 1,4-DCB
produced

Process

Storage

Fugitive
TOTAL

5.81

0.41

1. 02

7.24

The above emission factors are only generalestimates
(U.S. EPA, 1986).

Table 3-5 Total release(tonnes/yr) of 1,4-DCB into air,
land and water in the United States reported
in the TRI'or 1989.

compound water land underground offsite POTW Fugitive Total
t

lnlectlon

1,4DCB 514 3 0.11 0.11 12 2547

Toxic ReleaseInventory (Marcos, 1992, unpubl.)'OTW — Publicly Owned TreatmentWorks
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Table 4-1 Levels of 1,4-Dichlorobenzenein Air in Canadaand the United States

Media/Location Year Mean Range (yg/m')
min max

Reference

Halifax, NS
Montreal, QC
Pte aux Trembles
Ontario St.

Ottawa, ON
Toronto, ON

Junction Triangle
Perth/Ruskin
Stouffville

Hamilton, ON
Sarnia, ON
Windsor, ON

University Ave
Windsor, ON

College/Prince
Walpole Island
Winnipeg, MAN
Edmonton, AB
Calgary, AB
Vancouver, BC

Robson Square
Kensington Park
Rocky Point Park
Surrey East
Richmond South
Burmount
Mahon Park
Burnaby

Montreal, QC
Pte aux Trembles

Toronto, ON
JunctionTriangle

DL — &0.001

yg/m'988/90

1988/90
1988/90
1988/90

1989/90
1989/90
1989/90
1989/90
1989/90

1989/90

1989/90
1989/90
1989/90
1989/90
1989/90

1989/90
1989/90
1989/90
1989/90
1989/90
1989/90
1989/90
1989/90

1984/85

1984/85

0.6

0.3
1.1
1.1

0.5
2.9
0.47
0.48
0.3

2.0

0.78
1.3
0.48
0.45
0.5

0. 76
0.59
0.5
0.46
0.59
0.51
0.79
0.22

0.3

0.37

(0.2-1.9)

(ND-1.5)
(0.3-6.4)
(ND-4.7)

(0.1-2.9)
(0.4-15.7)
(ND-2.1)
(0.1-2.1)
(ND-2.0)

(ND-14.6)

(0.2-2.9)
(ND-3.5)
(0.09-2.4)
(0.07-2.8)
(0.08-1.7)
(0.2-1.7)
(0.14-1.2)
(ND-4.8)
(0.17-1.5)
(0.1-2.3)
(ND-2.0)
(0.1-2.6)
(0.1-0.4)

(0.1-0.8)'ND-2.2)

Environment Canada (1991, unpubl.)

Environment Canada (1991, unpubl.)
Environment Canada (1991, unpubl.)
Environment Canada (1991, unpubl.)

Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,

unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)

Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,

Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,
Environment Canada (1991,

unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)

unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)
unpubl.)

Dann (1985 unpubl.)

Dann (1985 unpubl.)

Environment Canada (1991, unpubl.)
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Table 4-1 cont'd Levels of 1,4-Dichlorobenzenein Air in Canadaand the United States

Media/Location Year Mean (Range) Reference
min max

Air (pg/m )

Atmospheric gas (ng/m )

Portland, OR

Dissolved rain (ng/L)

Portland, OR
Portland, OR

(spring)
Portland, OR

(winter)

1984

1984

1982

1982

120 73-170 Ligocki et al. (1985)

4.8 3.3-7.0 Ligocki et al. (1985)

0.66 0.45-1.2 Pankow et al. (1984b)

5.5 3.8-9.2 Pankow et al. (1984b)
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Table 4-2 Levels of 1,4-Dichlorobensenein CanadianSurfaceWater

Media/Location Year Mean (Range)
min max

Reference

SurfaceWater (ng/L)

Great Lakes Basin
urban runoff

Rainy R., ON
Lake Superior
Lake Huron

Georgian Bay
St. Clair R.
Lake Erie
Niagara R.

Ft. Erie

Niagara-on-
the-Lake, ON

Lake Ontario

Grand R.

1979/83
1986
1986
1980
1986
1986
1985
1986

1981
1986/87
1988/89
1981/83

1982
1981
1986/87
1988/89
1980
1986
1980

89
ND
0.34
4
0.29
0.38

1. 14

1.0
0.82
1.19
36

48
ll
2.48
2.11
45
1. 59
10

(0.220-0.530)
(3-6)
(0.198-0.396)
(0.236-0.631)
(ND-1.73)
(0.313-4.973)

(9-310)

(33-64)
(0.554-3.784)
(ND-42)

Marsalek & Schroeter (1988)
Merriman (1988)
Stevens& Neilson (1989)
Oliver & Nicol (1982)
Stevens & Neilson (1989)
Stevens& Neilson (1989)
Chan & Kohli (1987)
Stevens& Neilson (1989)

Fox et al. (1983)
NRDIG (1988)
NRDIG (1989)
Oliver & Nicol (1984)

Oliver & Charlton (1984)
Fox et al. (1983)
NRDIG (1988)
NRDIG (1989)
Oliver & Nicol (1982)
Stevens& Neilson (1989)
Oliver & Nicol (1982)
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Table 4-3 Levels of 1,4-Dichlorobenzenein SurfaceWater in the United States

Media/Location Year Mean (Range)
min max

Reference

EstuarineWater {ng/L)

Bayou d'Inde,
Louisiana 74 Pereiraet al. (1988)
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Table 4-4 Levels of 1,4-Dichlorobenzenein Groundwaterand Leachatesin Canada

Media/Location Year Mean (Range)
min max

Reference

Ground water (ng/L)

Municipal Landfill Sites
North Bay, ON
Burlington, ON
Burlington, ON

HazardousWaste Sites

1981
1983
1983 170

(7, 000-40,000)
(ND-2,000)

Reinhardet al. (1984)
Pankow et al. (1984a)
Pankow et al. (1985)

Ville Mercier, QC
Ville Mercier, QC 1988/89

400
(ND-3,800)

Martel (1988)
Martel 6 Ayotte (1989)

Napi'erville, QC

Napierville, QC

1987

1989

(&2-7390 pg/1) Foratek Intern. Inc.
(1987)

(&8-23100 pg/1) Foratek Inc., 1989
(63800 pg/L oil phase)
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Table 4-5 Levels of 1,4-Dichlorobenzenein Soils, Sediment, and Sludge in Canada
and the United States

Media/Location Year Mean (Range) Reference
min max

Soil

Napierville, QC

Napierville, QC

1987/89

1990

(&2-2460 pg/g) Foratek Intern. Inc. (1987)

(&0.1-4.3pg/g) ADS ass. Itee (1990)

Bottom (B) and Suspended(S) sediments (ng/g)

Victoria, BC (B) 1991 (N=16) 141 (1-1710) EVS Consultants(1992)

Great Lakes Basin
urban runoff (S)

Rainy R. ON (S)
Lake Superior (B)
Lake Huron (B)
Lake Erie (B)
Niagara R.

Niagara-on-
the-Lake (S)

Niagara R.
Niagara-on-
the-Lake (S)

Niagara R. (S)
Lake Ontario

Niagara (S)
(B)
(B)
(B)

various sites (B)

1979/83
1983
1980
1980
1980

1979/81

1981
1985/86

1982
1982
1981
1981
1980

180

96-680
28 ng/L

94

(ND-160)
(110-150)
(33-1,300)
(ND-1,100)
(22-210)

40
ND
5 (ND-9)
16 (2-100)
9 (3-20)

Kuntz and Wary (1983)

Fox et al. (1983)
Maguire et al. (1989)

Oliver and
Oliver and
Fox et al.
Durham and
Oliver and

Charlton (1984)
Charlton (1984)
(1983)
Oliver (1983)
Nicol (1982)

Marsalek and Schroeter (1988)
Merriman (1987)
Oliver and Nicol (1982)
Oliver and Nicol (1982)
Oliver and Nicol (1982)
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Table 4-5 cont'd Levels of 1,4-Dichlorobenzenein Soils, Sediment,
and Sludge in Canadaand the United States

Media/Location Year Mean (Range)
min max

Reference

Bottom (B) and Suspended(S) sediments (ng/g)
St. Lawrence R. (S)

(B)
(S)

1981
1981
1982/84 ND

(1-27)
(1-9)

Merriman (1987)
Merriman (1987)
Sylvestre (1987)

North Sask- (S)
atchewanR (B)

St.Clair R.ON (B)

Economy R.,NS (B)

Salmon R., NS (B)
Ind. outfall

1983
1983
1985

1979

1979

(ND-118)
(ND-107)
(ND-34,000)

(15-620)

(92-440)

Ongley et al. (1988)
Ongley et al. (1988)
Oliver & Pugsley (1986)

MacLaren Marex Inc. (1979)

MacLaren Marex Inc. (1979)

Pictou Harbour, NS (B) 1979
Ind. outfall

(37-1,000) MacLaren Marex Inc. (1979)

St. Lawrence R. (S)

Bayou d'Inde,
Louisiana (B)

Bayou d'Inde,
Louisiana (S)

1981/87 2.7 ng/L

82000

1200

Germain & Langlois (1988)

Pereiraet al. (1988)

Pereiraet al. (1988)
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Table 4-5 cont'd Levels of 1,4-Dichlorobenzenein Soils, Sediment,
and Sludge in Canadaand the United States

Media/Location Year Mean (Range)
min max

Reference

Sewagesludge (ng/g)
Canadian
WPCP Ontario

1980/85
1986

(trace-1,500) Webber and Lesage (1989)
(ND-2644) OME (1988)
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Table 4-6 Levels of 1,4-Dichlorobenzenein Biota in Canada

Media/Location Year Concentration
Mean (Range)

min. max.

Reference

Biota (ng/g wet weight)

Oligochaetes
Lake Ontario/
Niagara plume

Amphipods
Lake Ontario/
Niagara plume

1981

1981

(ND-630)

(ND-370)

Fox et al. (1983)

Fox et al. (1983)

Lake Trout
(Salvelinus namavcush)

Lake Superior
Lake Huron
Lake Ontario

Rainbow Trout
(Salmo gairdneri)

Lake Erie
Lake Ontario

1980
1980
1980
1981

1980
1981

ND
11

3 (2-4)
ND

4l
ND

Oliver and Nicol (1982)
Oliver and Nicol (1982)
Oliver and Nicol (1982)
Fox et al. (1983)

Oliver and Nicol (1982)
Oliver and Niimi (1983)

Blue Mussels
Pictou Harbour, NS
at chemical plant 1979 (310-590) MacLaren Marex Ltd. (1979)

only one sample analyzed
total of 1,3- and 1,4-dichlorobenzeneconcentrations
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Table 9-1 Acute Toxicity Studiesof 1,4-Dichlorobenzeneto Bacteria and Primary
Producers

Species Concentration Concentration Comments
Criterion

References

Photobacterium
phosphoreum

30 min. EC50 5.33 mg/L
Microtox test

50% light
reduction

Ribo &

Kaiser (1983)

Cyclotella
meneqhiniana

48-h EC50 34.30 mg/L DNA reduction
Static,
unmeasured

Figueroa &

Simmons (1991)

Selenastrum
capricornutum

96-h EC50 1.6 mg/L Growth
inhibition
static, measured

Calamari et
et (1982)

Selenastrum
capricornutum

3-h EC50 5.2 mg/L Photosynthesis Calamari et
inhibition, static, al. (1983)
measured

Selenastrum
capricornutum

96-h EC50 1.6 mg/L Growth inhibition
unmeasured,static

Galassi &

Vighi (1981)

Scenedesmus
subspicatus
Scenedesmus
pannonicus

48-h LC50

48-h EC50

38.0 mg/L

31.0 mg/L

Growth inhibition
unmeasured,static
Growth inhibition
measured,static

Kuhn &

Pattard (1990)

Canton et
al. (1985)

Ankistrodesmusfalcatus 4-h EC50
falcatus

19.9 mg/L
(0.136 mmol)

Primary production
Static, unmeasured

Wong et al.
(1984)

Skeletonemacostatum 48-h EC50 56.5 mg/L Decreaseof in vivo U.S. EPA (1978)
chlorophyll a
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Table 9-2 Acute Toxicity Studiesof l,i-Dichlorobenseneto Aquatic Invertebrates

Species Concentration Concentration Comments
Criterion

References

Daphnia magna

Daphnia magna

Daphnia magna

Daphnia magna

48-h LC50

48-h EC50

24-h IC50

24-h IC50

11.6 mg/L

11.0 mg/L

1.6 mg/L

1.6 mg/L

Static,
Unmeasured

Static
Unmeasured

Immobilization,
Static, measured

Immobilization,
static, measured

Gersicht et
al. (1986)

US EPA
(1978)

Calamari et
al. (1983)

Calamari et
al. (1982)

Daphnia magna

Artemia nauplii

Daphnia magna

Daphnia magna

Daphnia magna

Daphnia magna

48-h IC50

24-h LC50

24-h LC50

48-h LC50

24-h EC50

48-h LC50

4.75 mg/L

13.7 mg/L
(93 mmol/m3)

42.0 mg/L

11.0 mg/L

3.2 mg/L

2.2 mg/L

Immobilization,
Calculated

Static, closed
Unmeasured

Static
Unmeasured

Static
Unmeasured

Reproductiondelay
Static, unmeasured

Static
Measured

Hermenset
al. (1984)

Abernethy et
al. (1986)

LeBlanc
(1980)

LeBlanc
(1980)

Kuhn et
al. (1989)

Canton et
al. (1985)
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Table 9-2 cont'd Acute Toxicity Studiesof l,i-Dichlorobenseneto Aquatic Invertebrates

Species Concentration Concentration Comments
Criterion

References

Daphnia maqna 48-h EC50 0.74 mg/L Static
Measured

Canton et
al. (1985)

Grass shrimp
(Palaemonetes
puqio)

96-h LC50 60.0 mg/L Static
Unmeasured

Curtis and
Ward (1981)

Grass shrimp
(Palaemonetes
puqio)

48-h LC50 129.2 mg/L Static
Unmeasured

Curtis et al.
(1979)

Grass shrimp
(Palaemonetes
puqio)

96-h LC50 69.0 mg/L Static
Unmeasured

Curtis et al.
(1979)

Midge
(Tanvtarsusdissimilis)

48-h LC50 13.0 mg/L Static
Measured

Call et al.
(1985)
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Table 9-3 Chronic Toxicity Studiesof 1,4-Dichlorobenseneto Aquatic
invertebrates

Species Concentration
Criterion

Concentration Comments References

Davhnia maana

Daphnia maana

Daohnia macrna

Daohnia machina

Danhnia maana

Danhnia machina

Daohnia maana

21-day NOEC

16-day LC50

16-day EC50

16-day NOEC

16-day EC50

28-day LOEC

28-day NOEC

0.50 mg/L

1.5 mg/L
(log 1.01)

0.47 mg/L
(log 0. 51)

0 '8 mg/L
(log 0.60)

0.68 mg/L
(log 0.67)

0.40 mg/L

0.22 mg/L

Reproduction
Static, measured

Mortality
Calculated

Reproduction
Calculated

Growth
Calculated

Reproduction
Calculated

Fertility impaired
measured

Reproduction
measured

Kuhn et
al. (1989)

Hermens et.
al. (1984)

Hermens et
al. (1984)

Hermenset
al. (1985)

De Wolf et
al. (1988)

Calamari et
al. (1982)

Calamari et
al ~ (1982)

Daohnia maana 14-Day EC50 0.93 mg/L Reproduction
measured

Calamari et
al. (1983)
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Table 9-4

Species

Acute Toxicity Studiesof 1,4-Dichlorobenzene .to Fish
Concentration Concentration Comments
Criterion References

Fatheadminnows
(Pimephalespromelas)

Fatheadminnow
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

96-h LC50

96-h LC50

96-h LC50

96-h LC50

96-h LC50

96-h LC50

4.2 mg/L

4.16 mg/L

4.0 mg/L

4.0 mg/L

30.0 mg/L

33.7 mg/L

Flow through
Measured

Flow through
Measured

Flow through
Measured

Flow through
Measured

Static
Unmeasured(H)

Flow through
Measured

Carlson &

Kosian (1987)

Ahmad et
al. (1984)

US EPA
(1980)

Veith et
al. (1983)

Curt.is and
Ward (1981)

Curtis et al.
(1979)

Fatheadminnows
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

Fatheadminnows
(Pimephalespromelas)

96-h LC50 3.6 mg/L
(Fry: 10-15 days)

96-h LC50 14.2 mg/L
(Juvenile: 30-35 days)

96-h LC50 11.7 mg/L
(Subadult: 60-100 days)

Static
Unmeasured

Static
Unmeasured

Static
Unmeasured

Mayes et al.
(1983)

Mayes et al.
(1983)

Mayes et al.
(1983)

70



Table 9-4 cont'd
Species

Acute Toxicity Studiesof 1,4-Dichlorobenseneto Fish
Concentration Concentration Comments
Criterion

References

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Rainbow trout
(Oncorhvnchusmvkiss)

Sheepsheadminnows
(Cvorinodon
varieaatus)

24-h LC50

48-h LC50

96-h EC50

96-h LC50

96-h LC50

48-h LD50

48-h LC50

96-h LC50

48-h LC50
96-h LC50

1.2 mg/L

1. 18 mg/L

1.10 mg/L

1. 12 mg/L

1. 12 mg/L

1.48 mg/L

1 ~ 24 mg/L

1.12 mg/L

7.2 mg/L
7.4 mg/L

Static
Measured

Static
Measured

Flow through
Measured

Flow through
Measured

Flow through
Measured

Flow through
Measured

Flow through
Measured

Flow through
Measured

Static
Unmeasured

Calamari et
al. (1982)

Calamari et
al. (1983)

Ahmad et al.
(1984)

Ahmad et al.
(1984)

US EPA
(1980)

US EPA
(1980)

US EPA
(1983)

US EPA
(1983)

Heitmuller
et al. (1981)
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Table 9-i cont'd Acute Toxicity Studiesof 1,4-Dichlorobenzeneto Fish
Species Concentration Concentration Comments

Criterion References

Zebrafish
(Brachvdaniorerio)
Zebra fish
(Brachvdaniorerio)
Zebra fish
(Brachvdaniorerio)
American flagfish
(Jordanellafloridae)

American flagfish
(Jordanellafloridae)

24-h LC50

48-h LC50

48-h LC50

96-h LC50

96-h LC50

4.2 mg/L

4.25 mg/L

10.0 mg/L

2.45 mg/L

2.05 mg/L

Static
Measured

Static
Measured

Flow through
Unmeasured

1 Week old
Flow through,
unmeasured

2-4 months
Flow through,
unmeasured

Calamari et
al. (1982)

Calamari et
al. (1983)

Sloof (1979)

ATRG (1987)

ATRG (1987)
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Table 9-5 Chronic Toxicity Studiesof 1,4-Dichlorobenzeneto Fish
Species Concentration

Criterion
Concentration Comments References

Rainbow trout
(Oncorhvnchus
mvkiss)

14 day LC50 0. 80 mg/L Static, measured Calamari et
al. (1982)

Fatheadminnow
(Pimeohales
nromelas)

32 day
exposure

8.7 +0.78 mg/L Exposure to embryos Carlson &

(8,700 pg/L) causeddeformities. Kosian (1987)

Fatheadminnow
(Pimeohales
oromelas)

32 day NOEC 0. 57
+0.67 mg/L

Flow through
measured

Carlson &

Kosian (1987)

Fatheadminnow
(Pimephales
oromelas)

Fatheadminnow
(Pimeohales
oromelas)

32 day LOEC

32-day MATC

1. 0 mg/L

0.565 to 10.4
0.565 mg/L
1.04 mg/L

Flow through
measured

Flow through
measured

Carlson &

Kosian (1987)

Ahmad et al.
(1984)

Fatheadminnow
(Pimephales
promelas)

7 day
exposure

2.8 mg/L MATC'ffect growth Mayes et al.
Static, unmeasured (1988)

Guppy
(Poecilia
reticulata)

14 day LC50 3.95 mg/L
(log 1.43)

Static
Unmeasured

Konemann
(1981)

American flagfish 28-d MATC
(Jordanellafloridae)

&0.349 mg/L fry survival &

growth
ATRG (1987)
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Table 9-5 cont'd Chronic Toxicity Studiesof 1,4-Dichlorobenseneto Fish
Species Concentration

Criterion
Concentration Comments References

Zebra fish 28 day LC50
(Brachvdaniorerio)

2 ' mg/L Semistatic
measured

van Leeuwen
et al ~ (1990)

Zebra fish 28 day NOLC
(Brachvdaniorerio)

2. 1 mg/L Semistatic
measured

van Leeuwen
et al. (1990)

Zebra fish 28 day NOEC
(Brachvdaniorerio)

0.65 mg/L Growth van Leeuwen
Semistatic,measuredet al. (1990)

'ATC — maximum acceptabletoxicant concentration
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Figure 1. Structural formula of 1,4-dichlorobenzene
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