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Pulp and paper industrial effluents: Toxicity
abatement for aquatic life protection
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The acute toxicity of the final effluents from the six largest
pulp and paper industries located in the State of Siao Paulo
was evaluated with a microcrustacean, Daphnia similis, a fish,
Cheirodon notomelas and an alga, Chlorella vulgaris. Most
samples showed a relatively low acute toxicity and varied ac-
cording to the studied species. Results of the study served as
the basis for a biological guideline for aquatic life protection.

Foi avaliadu o toxieidade de seis efluentes fi-
rats de indiisivias de papel ¢ celilose do Extade
de Sdo Paulo comt tnia espécie de microcrisid-
cea. Daplmia similis. wme de peive, Cheirodon
ttotomelas. ¢ uma de alge. Chiorella vulgaris,

Foi observada baiva toxicidede na maioria das
antostras. variando desse acordo com a espécic
estidada. Ox resultados de estudo serviram de
huse para o estabelecinemo de critérios hiolo-
givos pard a protecdn da vida aqudtica.

he extraction of cellulose

from wood requires a large

volume of water which, when

discharged into the environ-
ment. can cause an adverse ecological
impacl.

In Brazil. trees of the genus Eu-
calyptus are used for pulp production,
and about 500 varieties and subspe-
cies grow in different environmental
conditions. Because they have fast
growth rates (1), this genus has been
widely planted in Brazil to guarantee
a continuous wood supply for the
pulp and paper industry (2). Pulp
mills use mainly the Kraft (sulphate)
process producing final effluents
which have high BOD. turbidity,
color, suspended solids and low dis-
solved oxygen concentrations.

Corcespondence 10: Rosalina Pereira de
Almeida Araidjo. Cetesb (Companhia de Tec-
nologia de Saneamento Ambiental). Av. Prof,
Frederico Hermann Jr. 345, $3o Paulo. SP

15459, Brasil
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The complex chemical composi-
tion of these effluents includes dis-
solved organic and inorganic sub-
stances. sulfurous organic compounds
and chlorinated compounds when the
pulp is bieached. Many of these com-
pounds have not been identified
chemically but may potentially be
hazardous to aquatic organisms and
impair other uses of receiving water
bodies (3).

The interactive effect of all the
substances present in pulp mill final
effluents can be evaluated using tox-
icity tests with representative aquatic
species. Results of aquatic tests have
been used in some countries as one of
the criteria to evaluate the pollution
potential of industrial effluents (4-8).

The present study was initiated to
evaluate the toxicity of the final efflu-
ents from the main Kraft pulp and
paper mills in the State of Sdo Paulo
and to develop toxicity-based criteria
for the discharge of these effluents in
the environment. Thus the acute tox-

icities of final effluents from the se-
lected industries were assessed  with
three test species representing differ-
ent trophic levels: a fish. a microcrus-
tacean and an alga,

Six pulp and paper mills were
categorized according to three general
types of process (Table 1).

Samples of final effluents were
cotlected hourly over a six to twetve
hour period. Polvethylene flasks were
completely filled with effluent. stop-
pered and kept on ice until arrivai at
the laboratory. where they were trans-
ferred to a refrigerator and held at
4°C. The samples to be tested were
prepared proportionally according to
effluent flows measured during sam-
pling. They were then split for phys-
ico-chemical analyses and for toxicity
testing. Tests were started within 24 h
after sampling.

Effluent flows were measured
through the limnimetric method or ra-
dioactive tracer *Br (9) and the phys-
ico-chemical analyses were conduct-
ed according to Standard Methods
(10}. Toxicity tests were conducted
using three organisms: an indigenous
species of fish. Cheirodon notonmelus,
Eigmann, 1915, according to the 1SO
static method (11). slightly modified
(12): a microcrustacean. Daphnia si-
milis. Claus, 1876. tested through the
ISO (13) method. modified (12): and
an alga. Chiorella vulgaris following
the method described by Brusick and
Young (14). modified (12). Due to the
presence of algae, effluents were fil-
tered through a 0.45 pm membrane
{15).
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Table 1 — Summary of data for Kraft mills.

..........

Processes in Production, tons  Industry Wood Efffuent flow Receiving body )
mifl ~ of pulp lday . (nr'is) . . . of water(Class) .. A(m'ls} SN N
Bleached Kraft 630 A Eucalyptus 1.162 Moji-Guagu(class 2)* 20 Settling/Aeration pond
Bleached and 116 B Eucalyptus 0.288 Paraiba o238 Settling/Stabilization
unbleached Kraft (class 2) pond
450 C Eucalyptus 0.421 Paraiba 624 Neutralization/Primary
{class 2)° settling pond/Aeration
pond/Secondary settling
900 D Eucalyptus 1.128 Taiagupeba 1.13 Seuling pondfAeration
: {class 3)° pond/ Bleachment pond
600 E Eucalyptus 0.516 Piracicaba 216 Settling/Stabitization
(class 2) pond/ Aeration pond
Bleached and 30 F Pine 0.158 Parafba 61.4 Stabilization pond
unbleached Kraft Eucalyptus (class 2)

*7Q10 = mean daily flow of the receiving body of water during the 7-d, 10 y low flow
“class 2 and 3 = designated uses for water include the preservation of fauna and flora

Reconstituted water with a total
hardness of 40-48 mg/l. as CaCO,
was used as dilution water in the tests
with fish and miicrocrustaceans (10).

The fish and D. similis tests were
performed with at least two samples
from the final effluents from each of
the six selected industries, sampled at
different dates. Algal tests were con-
ducted on effluent samples from only
two industries.

Toxicity results for fish are re-
ported as 24-h or 48-h LC50, the con-
centrations causing 30% lethality of
the test organisms after the specified
period and expressed as percentages
of effluent volume in the test solu-

tion. For D. similis the 24-h EC50,
the concentration which immobilizes
50% of the test organisms, was used.

Some of the fish and D. similis
tests gave responses of only 10% to
30% immobilization or lethality in
high effluent concentrations. Such
responses were described as showing
“signs of toxicity™.

Test results for algae were ex-
pressed as 120-h EC50, that is, the
concentration that would inhibit
growth by 50%, relative to control.

Effluents from industries A, C, D
and E presented signs of toxicity or
were not acutely toxic to D. similis,
but samples from industry B were

Table 2 — Results of toxicity tests with fish and microcrustacean

Industry  Sampling Daphnia similis Cheirodon notomelas  D.O. mgfLJ “
dates 24 h EC50 {%) 48-h LC50 (%) - Daphnia " Fish
A 07.t16.84 NT.* S.T.c : IR % SR 5
10.15.84 N.T. N.T. A -
01.1584 NT. - N.T. 42 .
B 08.22.84 17.5 (12.5-24.6) N.T. 40 -
11.28.84  10.0-37.0 ST. 42 -
01.09.85 17.0{13.5-21.4) N.T. 6.F . 7.2
C 092684 NT. . N.T. - .
12,0584 - NT." N.T. -
D 041184 SI.C 83.2/ .
S 11,2684 S Unsausfactory result
© 12,0484 - ST.- N.T. ER
E .- 083084 ST 589
S 102584 NT. 692
01.2285 = ST. 900(833-972) X R
. 04.01.85 N.T. S.T. : N .
F 082984 = NT.° N.T. -
©o 0 11.21.84 Uﬁsat'léfactory result  S.T. -

“ Value at the end of the fest m he concentranon closest to |hc LCSO or "EJCSO

# N.T. = Not'acutely toxic -~ ~
«8.T. = Signs of toxicity :
“ dash - indicates no analyzed samp]es

paremheses conﬁdence hm:ts (95%)

/24-h LC50
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highly toxic to this organism (Table
2). Effluents from industries A, B, C
and F were not acutely toxic or pre-
sented signs of toxicity to the fish C.
notomelas. The most toxic samplés
for fish were from industries E and D,
although on some occasions no signs
of toxicity to fish were detected in
these industries,

Dissolved oxygen levels (Table
2) were in agreement with the mini-
mum levels established by the meth-
ods, above 5.0 mg/L. for fishes (11)
and 2.0 mg/L for D. similis (13).
Exceptions were D. similis tests with
effluents from industry D and with
the sample collected on 08.30.84 in
industry E.

The algal tests showed that the
effluent from industry A was inhib-
itory to C. vulgaris growth (Table 3),
but there was not a clear response to
the effluent from industry B, Meth-
odological difficulties, not only with
sample preparation but also during
the test (12) limited the number of
algal tests that could be performed
with the pulp and paper mill efflu-
ents.

The tested effluents were usually
lightly colored (70 to 1,560 mg Pt/L},
with exception of the one from plant
C which had a stronger color (3,000
and 2,000 mg Pt/L), characteristic of
this type of waste. The effluent of
plant C also had the highest BOD and
COD levels (178 mg/L BOD and 903
mg/L COD), which were lower in
other effluents (36 to 102 mg/L. BOD
and 169 to 443 mg/L. COD). The con-
centrations of phenol, ammonia, mer-
cury, nitrate, nitrite and pH were low
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Table 3 — Test-results for growth of Chiorella vuigaris

industry A Industry B
Effluent No, of Growih inhibition  No. of Growth inhibition
corcentrations,  cellsimL relative to cellsimL relative to
v/v (9} x control (%) xfoe controd (%)
100 7.96 24.6 8.06 14.2
75 5.82 449 8.80 6.3
56 6.27 40.6 8.19 12.8
32 8.44 20.1 8.64 8.0
10 7.48 29.2 14.90 (58.6y
5.6 4.72 35.3 8.45 10.0
32 6.47 38.7 9.56 (1.8
1.0 - - 8.49 9.6
Control
(culture medium)  10.56 0 9.39 0

* ntot amalyzed
" percent growth stimulation

for all samples (Table 4),

Toxicity tests showed that the ef-
fluents from the selected pulp and
paper mill industry had. in general.
low acute toxicity to D. similis and C.
notomelas. Only the effluents from
industry B were highly toxic to 0.
similis. These two species responded
differently to the effluent samples
(Table 2). A difference in species
sensitivity has also been observed by
other authors (16,17).

The physico-chemical analyses
performed during this project were
restricted to the regular parameters
used by Cetesb for pollution control
purposes. Chemicals of a toxic nature

Table 4 - Physical amd chemical data on pulp and paper efftuent samples

such as acid resins. chlorinated com-
pounds and fatty acid agenis were not
investigated.

The BOD and COD data of the
effluents were two to five times lower
than those reported in similar studies
(18.19). The same was observed re-
garding their color. Soniassy et al
(20} observed that bleached Kraft ef-
tluents had color levels ranging from
2.000 to 3,700 mg Pt/l.. The only
sample that showed such values in the
present study was that of industry C.
These data and the low values of
other analyzed physico-chemical pa-
rameters (Table 4) could not explain,
by themselves. the toxic effects ob-

----------

served for C. notomelas and D. sim-
ilis.

The growth of C. vitlgaris was
slightly affected in several dilutions
of effluent from industry B (Table 3),

. characterized by inhibitions of 6 to

14% when compared to the control.
Industry A effluent caused an inhibi-
tton of 20 to 55% at all the tested
concentrations. The absence of corre-
lation between concentration and re-
sponse made it impossible to calcu-
late the 120-h EC50, The results of
analysis of the physico-chemical pa-
rameters (Table 4) from these two
effluent samples do not explain the
difference of the observed response
on both algal tests since the nutrient
levels and the values for color, pH
and BOD were similar in the two
samples.

Despite the relatively high con-
centrations of ammonia and ortho-
phosphate in both effluent samples.
no significant growth stimulation oc-
curred except for the concentration
10% of effiuent B. Similarty, Walsh
et al (21) did not find correlation be-
tween high nutrient concentrations in
complex industrial effluenis and
stimulation of algal growth.

Eftluents from industries A and B
affected the three test species differ-
ently. The effluent from industry A

2.0

Nitrate as
N (mg/L)
Non filterable

Conductivity {mS/cm)
pH

“Dash - Nocsamples analvred
Nt detecied

"N -

JULY/AUGUST 1991 « VOLUME 43 (4

! A _ B j ¢ | I E F
Parameter 1984 1985 - j9sd | 198s 1984 1984 1984 0 1985 1984
07186 10HS | 01116 0823 1128 0009 | 1126 12104 10927 12105 1 08130 10125 04101 | 08129 1112]
Color (mg Pt/L) 850 900 ! 100 70 800 700 3,600 2000 | 1,650 750 600 LOBO | 675 400 900
BOD (mg/L) 36 4] 43 i 51 48 40 179 98 38 9% 84 37 48 - 93 102
COD (mg/L) 1276 263 281 i 169 198 225 903 757 443 305, | 337 344 286 320 324
Phenels {(mg/L) i - 0.033 | - - 0.006 | - - - - - - 0.011 - -
Total Phosphate as
P (mg/L) 110 1.70 £52 009 065 {023 105 080 ;080 0355 [425 340 | 440 | 046 450
Orthophosphate as ‘
P (mg/L) 060 0.15 [048 (004 042 |020 |058 - 030 035 :0.18 195 1280 [0.13 037
Mercury (ug/L) 0.4 0.3 02 |ND* ND |ND |ND ND !14 ND |- -

0.8 1.0 |04 - 8.2

19.30 L 0.01

44

0.02
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Table 5 — Impact assessment caused by effluents on receiving water: " :

"B .C D E F

Industry ) A

LC50 or EC50 (%) 100.00 ~ §70 1000 . 832 589  100.0
Instreamy waste concentration (IWCY (%) 7.1 1.1 0.7 499 2.3 02
No acute-¢ffect concentration (%) 333 5.67 33.33 2727 19.63 33.33
Potential for instream acute toxicity None None None Yes  None None
No chronic effect concentration (%) 10.0 1.7 10.0 8.32 5.89 0.0
Potential for instream chronic toxicity Nore None None Yes None None

Effluent flow (m'/s)
IWC = x100

Effluent flow (m'/s) + 7Q10 (mi/s)

was not acutely toxic to fish and D.
similis but inhibited algal growth
while the effluent from industry B,
which was toxic to fish and D. similis.
did not have an effect on algae.

Freshwater bodies in the State of
Sio Paulo are divided. according to
their uses, into four classes. and al-
though water quality standards have
been designated for each class since
November 22, 1977 (Act n. 10755)
{22y, our resuilts show a need for tox-
icity standards for water quality and
discharge of effluents.

These Kraft mills discharge their
effluents into rivers of classes 2 and 3
{Table 1), the designated uses of
wlich include the preservation of
fauna and flora. Most physico-chemi-
cal characteristics are compatible
with the discharge standards {Table 4)
but still the effluents from industries
B. D and E were toxic to at least one
of the test species used {Table 2),
Accordingly, there is a need for regu-
fations concerning toxicity of efflu-
ents. besides the existing physico-
chemical emission standards for safe
discharge of effluents to bodies of
water of classes 2 and 3.

Other countries have successfully
characterized effluents by analytical
methods plus toxicity tests. In France.
effluent toxicity is evaluated through
Daphnia magna toxicity tests and the
result, expressed as 24-h EC30. is re-
ferred to as “inhibitory materials”
which, together with other data such
as nutrients, oxidizable materials and
suspended solids. are used to tax the
effluents discharged into bodies of
water(5). In Germany. the toxicity of
industrial effluents to fish and Daph-
nia in also evaluated and used as a
tool for control of toxicants (8). In
Canada the control of industrial efflu-
ents is conducted under a federal law
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which prohibits the discharge of sub-
stances deleterious to fish or to hu-
man use of fish. In Canada guidelines
and regulations were developed for
some industrial categories. among
which the pulp and paper industry (4).
Effluent limitations are expressed in
terms of the allowable discharge of
given weight of contaminant per unit
of production for two or six chemical
parameters along with a toxicity limit
requirement. These limits were estab-
lished based on the best available
technoiogy for effluent treatment
(23).

Some of the Kraft mitls in S0
Paulo treat their effluents 1o such a
tevel that no acute toxicity is ob-
served in two species belonging to
different trophic levels of the aquatic
ecosystem (Tables 2 and 3). So. by
following the Canadian approach. it
could be established that "in the State
of S Paulo. effluents from pulp and
paper industry should not cause acute
toxic effects on aquatic organisms™.
According to such a guideline, only
the effluent from industry C would be
considered satisfactory for discharge
into aquatic environments. The efflu-
ents from industries A. D, E and F
would need further treatment to com-
ply with this guideline.

In the United States, industrial ef-
fluent control is directly related to the
preservation or recovery of natural
water quality (6.7}. Control of toxi-
cants in industriai effluents is
achieved by estimating the concentra-
tion of effluents in the environment
and comparing it to the measured
concentration that caused deleterious
effects on representative aquatic or-
eanisms. Thus it is possible to esti-
mate the hazard or impact on the
environment and take the necessary
measures to prevent it.

Following the American ap-
proach. the concentration of each ef-
fluent in the receiving body of water
was estimated, taking into account
minimum flow conditions (7Q10) and
assuming complete mixture of the
effluent (7).

The estimated environmental
concentration was then compared to
1/3 and 1/10 of the acutely lethal ef-
fluent concentrations. Those fractions
of the LC50/ECS50 are estimated to be
the highest allowable effluent concen-
trations to prevent, respectively, acute
and chronic effects on aquatic biota.
The most toxic sample from each ef-
fluent was used in this comparison
which is presented in Table 5. For
effluents that showed only signs of
toxicity or no acute toxicity. the most
critical situation was considered, that
is. a sitvation in which 100% effluent
causes a deleterious effect on 50% of
the test organisms. It can be seen
from Table 5 that only the effluent
from industry D can cause acute and
chronic effects on the aquatic biota in
the receiving body of water. Although
it is not expected that the other efflu-
ents could cause a serious impact on
the aquatic environment, it is recom-
mended that effluents that are toxic or
highly toxic to at least one test spe-
cies such as effiuents B and E be
more thoroughly studied. specially
with regard to the presence of persis-
tent and/or mutagenic substances.

Some final considerations are
needed 1o select the best approach for
the State of Sdo Paulo for the protec-
tion of aquatic life. This can be illus-
trated by the sample of industry D.
This effluent presented a very low
level of acute toxicity in most
samples and, probably. a small
change in or a minor upgrading of the
treatment process would make it pos-
sible for the industry to comply with a
possible guideline, following the Ca-
nadian approach: “no acute lethality
should be detected in pulp and paper
effluent™. Even then, the lack of acute
toxicity does not necessarily imply
the absence of chronic toxicity, since
the flow of this effluent in relation to
the river flow is very high.

The possibility of chronic delete-
rious effects is not eliminated if the
American approach is used. Thus, the
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American model, seems the most
promising at the present moment, as
it considers available dilution in a
particular body of receiving water.
The toxicity of pulp and paper ef-
tluents should be evaiuated with two
or more species of aquatic organisms,
such as one species of microcrusta-
cean and one species of fish. This is
needed because aquatic organisms
vary in sensitivity to toxicants.
Although most of effluent
samples showed a relatively fow tox-
icity. in one case the flow was high
enough to cause acute and chronic
effects for aquatic organisms in the
receiving body of water. Considering
this information, it is suggested that
the Siate of Sio Paulo should begin to
adopt a control procedure that takes
into account characteristics such as
available dilution in the environment
where the effluent is discharged. =
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