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Al t hough the nedian |ethal concentration (LC50) is a
useful neasure of toxicity, it provides no information
about the total quantity of toxic material being
produced. Thus, because of differences in flow, it is
possible for an effluent with low toxicity (high LC50)
to have a larger inpact on the environment than an
effluent with high toxicity (low LC50). The toxic
em ssion factor (TEF) circunvents this problem

The factor is defined by
TEF = (100/LC50) x Q (1)

For pulp mll effluents, the LC50 is usually the 96-hr
nedian lethal concentration (9 determined for a
freshwater salnmonid and Qis the flow of effluent per
air-dry tonne of pulp production (ni/ adt). (The term
100/ LC50 is known as the number of toxic units (TU)).

The TEF is the total dilution needed for an effluent to
have a toxicity of 1 TU (LC50 = 100%. For instance,
an effluent produced at 20 ni/adt with an LC50 of 10%
would have a toxicity of 1 TU when diluted to 200
m/ adt . In theory, the LC50 is directly related to the
volume at which an effluent is produced. Thus, if an
effluent's flow is doubled through dilution, its LC50
woul d al so be expected to double thereby naintaining
the same TEF.

In addition to enabling the toxicity of effluents
produced at different rates to be conpared, there are

several other advantages in the use of TEFs. Firstly,
TEFs increase as toxicity increases, unlike LC50
val ues. This makes the conprehension of results
easi er. Secondly, when used as the basis for
regul ation, TEFs encourage the conservation of water
used by industry. Regul ati on based on LC50s can
actual l'y penalize conservation efforts. Lastly, TEFs
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are additive in the absence of interactive effects.
Thus, the relative contributions of individual streams
to conbined effluent toxicity can be ascertained.

Determination of the LC50 for use in Eg 1 can be
problematic when dealing wth effluents that are
produced in the laboratory from experinental trials.
Usual ly such effluents have unknown toxicity and can
only be produced in linted quantities. Thus, it can
be difficult to perform the LC50 test with enough
ef fluent concentrations to yield a result that has the
accuracy needed to distinguish it from other results.
A technique for determ ning the TEF usi ng medi an | et hal
time (LT50) data was accordingly proposed (Farr 1991)
to solve these difficulties.

| f t he f undament al rel ationship bet ween t he
concentration of an effluent, C (%, and the LT50 (min)
is linear, then

| ogLT50 = mogC + b (2)
is valid where mand b are the slope and intercept
resEect ively. Wen Cis 100% the resulting median
lethal time is denoted LT50', and Eq 2 becones

| ogLT50" = mogl 00 + b (3)

Li kewi se, when the nedian lethal tinme is equal to 5,760
mn, Cis the 96-hr LC50, and Egq 2 becones

l 0g5,760 = m ogLC50 + b (4)

Rearrangi ng and substituting Eqs 3 and 4 respectively
for the 100 and LC50 terns in Eq 1 yields

TEF - lo(logLTSO' - 1095, 760)/ m X Q (5)

Thus, the TEF can be determ ned fromthe LT50 at 100%
concentration and the slope of the relationship between
concentration and nedian |ethal tine.

MATERI ALS AND METHODS

Three chlorination stage effluents were produced from
unbl eached softwood kraft pulp at different |evels of
filtrate recycle using a continuous |aboratory-scale
BUI p bl eaching api)ar atus (Farr et al. 1995). Resi dual

| eaching chemical (chlorine and chlorine dioxide) was
reduced with sodium thiosul phate. The effluents were
stored for less than 24 hr at 4°C in sealed
pol yet hyl ene carboys prior to the comencenent of
toxicity tests.

The effluents were tested to determne LT50 val ues
according to standard methodology (British Colunbia
M nistry of Environnment 1982). Under -yearling rai nbow
t rout (Oncor hynchus myki ss) obt ai ned from the
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Provincial Hatchery in Abbotsford, British Col unbia,

were used as the test fish. Static toxicity tests with
aeration were perforned using 10 fish in a total test
volume of 25 L. Each effluent was tested at 100, 62,

and 38% concentration (v/v). Dechl orinated tap water
fromthe city of North Vancouver, British Colunbia, was
used for dilution and controls. There were no contro

nortalities during this study. Testing was carried out
at a pHof 7.0 and a nean tenperature of 13.5°C (SD =
0.9°C). The average fish had a blotted weight of 1.4 g
and a fork length of 5.0 cm

LT50 val ues were cal cul ated by the method of Litchfield
(1949), which is a nonographical sinplification of the
met hod of Bliss (1937). One case (run 2, 38% that was
not covered by the nonographs required the use of the
original technique to account for a partially abnornma
response. Vol unme factors were cal cul ated by dividing
the test volune by the product of the total weight of
test fish and the time taken to reach 100% nortality.

RESULTS AND DI SCUSSI ON

The LT50 data for the nine tests is given in Table 1.
The slope of Eq 2 is given for each effluent in Table 2
along wth the TEFs that were calculated via Eq 5.

Table 1. Median lethal tine data

Concn. Vol. factor
Run (X) LT50" (i n) Sl ope™’® (L.g'd")
1 100 202 180-227 1.21 1.11-1.31 16.9
62 391 368-416 1.10 1.04-1.16 11.0
38 641 612-671 1.08 1.04-1.11 4.9
2 100 318 280-361 1.21 1.09-1.35 4.7
62 729 688-773 1.10 1.05-1.15 2.9
38 1256 1132-1394 1.12 1.02-1.22 1.3
3 100 149 138-161 1.14 1.07-1.20 11.1
62 268 252-285 1.10 1.06-1.15 5.7
38 482 467-497 1.05 1.03-1.08 4.1

‘Ranges are 95% confi dence intervals.
‘Mortality (probability) versus tine (logarithnmic)

The LT50 data fit Eq 2 very well as evidenced by the
coefficients of determination (see Table 2). Previ ous
work by Leach and Thakore $1976) showed that
chlorination ef fl uent from kraft pulp bleaching
conforns to the linear relationship described by Eq 2
even at concentrations near the 96-hr LC50. Ni ne
chlorination effluents (four industrial and five
synthetic) representing a wde range of pulps and
bl eaching conditions were found to have sl opes between
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Table 2. Toxic enission factor data.

0 TEF

Run (m3/adt) m 72 (TU-m3/adt)
1 42.9 -1.193 0.992 711
2 33.9 -1.419 0.984 261
3 24.9 -1.213 >0.999 507

°Sl ope of logarithmic plot (Eq 2) of LT50 versus concn.

-1.11 and -1.71 for rainbow trout (r®> 0.91). These
\ﬁal ues are in good agreement wth the slopes found
ere.

It should be pointed out that EqQ 2 is not consistent
with the concept of a threshold concentration. At
sufficiently low concentrations, organi sns can be
expected to survive indefinitely thereby invalidating
the |inear assunption. In instances where linearity
cannot be denonstrated for exposures of 4 d, tw
options are avail abl e. TEFs coul d be cal cul ated for
shorter exposures (e.g., 48 hr) where linearity can be
est abl i shed. Alternatively, 96-hr values could still
be calculated as a neans of conparing differences
bet ween effluent treatments. I ndi vidual results would
have no rel evance.

Because the LT50 techni que used here involved few test
concentrations (n = 3), a reasonable nmeasure of the

variability could not be obtained directly. However,
cases in the literature where nore nmeasurenents are
avail able can be used indirectly. In this instance,

the data of Leach and Thakore (1976) was utilized. The
results from a synthetic effluent nmade from toxic
mat eri al that was extracted from a chlorination
effluent (MII XI) were fit with Eq 2. The sl ope and
intercept were found to be -1.278 and 4.502
respectively (n = 8, r’= 0.985) and the residuals
showed no irregularities. Thi s regression predicted
the 96-hr LC50 to be 3.8% and inverse regression
analysis (Draper and Smith 1981) gave a 95% confi dence
interval of 2.4-5.6% Wth Q at 8.7 m/adt, the
corresponding TEF and 95% confidence interval were
calculated via Eq 1 to be 229 and 155-363 TU- ni/ adt

respectively. Simlarities between the effluents and
species tested give some validity to this approach. In
cases where suitable data in the literature are

unavai l able, at |east one representative effluent would
have to be tested nore extensively in order to reliably
estimate variability.

The determ nation of TEFs with LT50 data has several
advantages over traditional LC50 techniques. The
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| ongest LT50 test performed here (run 2, 38% took |ess
than 30 hr to conplete, whereas the LC50 nethod
requires 96 hr. In addition, the LT50 technique used
only three concentrations, whereas the LC50 technique
requires at least five concentrations beyond those
needed in the prelimnary estimtion of toxicity.
Thus, the LT50 nethod requires |less effluent and fewer
test organisns.

One of the difficulties with the 96-hr LC50 test is the
depl etion of toxicants with time due to uptake by fish
and degradati on. Thus, Walden et al. (1975? devel oped
m ni mum effluent volume factors for pulp mll effluents
that account for fish size and exposure. For static
tests, the factor was found to be 0.5 L-g'd". Thi s
level was adopted as the standard in the nethod
(British Colunbia Mnistry of Environment 1982) used

here. It is often difficult to neet the requirenent
because of Ilimtations on the availability of both
sufficient quantities of effluent and suitably sized
fish. Al 't hough flowthrough tests allow the use of
| ower volune factors, they require much nore effluent
than static tests. Alternatively, the use of smaller

test organisms such as daphnids and bacteria has
decreased the amount of effluent (and tinme) needed to
deterni ne an LC50. However, because nost effluent
regulations are based on freshwater salnonids and
because correlations between test organisns are not
absolute, the use of such data is limted.

The use of the LT50 techni que substantially increases
the volume factor by mininmzing the time of exposure.
The volume factors for the nine tests performed here
(see Table 1) were all well above the mininum | evel of
0.5 L-g'd™. The average value was 7.0 L-g'd" |If
these tests had been performed using the 96-hr LC50
technique, then the average factor (0.4 L-g'd") would
not have net the guideline.

The use of volune factors less than 0.5 L-g'd’in
static toxicity tests causes the resulting 96-hr LC50
to be higher than the true val ue. Because of toxicant
depl eti on, hi gher concentrations of effluent are
required to maintain toxic Ilevels of constituents.
Accordingly, extrapolated nedian |ethal tine data yield
| ower LC50 val ues than nedian | ethal concentration data
for which the critical level is not net. The work of
Leach and Thakore (1975) supports this. The toxicities
of five compounds, which cause a significant portion of
the toxicity in softwood extraction effluent, were
determ ned using both LC50 and LT50 tests. The vol unme
factor was 0.25 L-g'd" for the LC50 tests and 1.0
L-g'd' for the LT50 tests. The 96-hr LC50s of the
five conmpounds deternined by extrapolation of LT50 data
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were on average 41% | ower than the val ues deternined by
standard met hodol ogy. Curvature in the relationship
bet ween concentration and lethal tinme mght also have
reinforced the differences.

The determination of TEFs (or LC50s) t hr ough
extrapolation of LT50 data appears to be a useful
technique. It is best applied where the assunption of
linearity between concentration and lethal time data
can be confirned either fromthe literature or in the
| aboratory.
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