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ABSTRACT

Whole Effluent Toxicity (WET) testing has been identified as one of the tols in the
management of complex effluents in aguatic ecosystems. In South Africa. toxicity testing
has not been required for regulatory purposes. Recently. the Department of Water Atturs
and Forestry has adopted WET testing as a tool to evaluate the suitabihity of hazardous
cftluent tor discharge into receiving environments. This has necessitated  suitable
procedures to be established for use in the South African situation. With the
implementation of the new National Water Act (No 36 of 1998), industries have w0
comply with set standards to protect the aquatic environment. However. the South
African Water Quality Guidelines for Aquatic Ecosystems have been set using
intemational toxicity data, and it is not known if they are comparable with South African

conditions.

The aim of this study was to investigate the tolerances of selected indigenous riverine
invertebrates to complex saline effluents. The study investigated the effects of kratt mill
effluent to Tricorythus tinctus, a tncorythid mayfly from the Sabie River, Mpumalanga.
and the effects of a textile effluent 1o bactid mayflies of the Buffalo River, Eastern Cape.
Indigenous riverine invertebrates were chosen as test organisms, as there 1s no toxicity
data in South Africa which could be used to evaluate the level of protection altorded by
the South African Water Quality Guidelines for Aquatic Ecosystems. The use of
indigenous riverine invertebrates added the challenge of variability of a wild population,
and the use of a complex cffluent as toxicant added the varability of effluemt

composition,

In this study, WET testing was used to determine the dilution of whole eftfluents required
for discharge. Hazard-based guidelines were developed for the disposal of kraft and
textile effluents. The level of environmental hazard posed by different effluent
concentrations was ranked. and was related 1o the River Health Class. This indicated
10

effluent concentrations that may be allowed to enter the aquatic environment, ¢.g. 3%

effluent concentration guideline for both general kraft effluent and general textile effluent




for the protection of a Class A niver. This approach could contribute to the use of an

Environmental Risk Assessment. approach for the management of complex effluents.

A number of acute 96 hour toxicity tests were conducted following an unreplicated
regression design, using Kraft and textile effluents as toxicants. may 1y nymphs as est
organisms. and river water as diluent and control. Test organisms were sampled from
unimpacted, owing-water riffle arcas. and were exposed in recirculating artificial
streams (or channels) o a range of effluent concentrations. Mortality was selected as end-

point and observed twiee danly

Ihe expernnmental results showed the varability and acute 1oxicity of both kraft and
textile mill effluents. Bactids were more sensitive (mean LOSO 16% effluent
concentration) to General Textile Effluent (GTE), but less sensitive to Post Irrigation
Textile Effluent (PITE). Texule efMuent (PITE) held in a holding dam were theretore less
varable and less toxic: suggesting that stabilization of the effluent could have contnbued
to reduced toxicity.  Effluent composition, ¢.g. higher calcium levels, may also have
contributed to lowering toxicity. 7 tincrus was sensitive 1o kraft eftfluents, but showed

less vanable responses to Irmgation Kraft EffTuent than General Kraft Effluent.

Toxicity test data indicated that GKE. IKE and GTE should not enter the aquatic
environment without treatment, as they can cause adverse effects to aquatic biota. Both
kraft and textile effluents must therefore be treated before discharge. Different responses
to different effluent batches were probably due 1o effluent variability. The use of
indigenous  orgamisms, and not a standard laboratory  organism, could also have
contributed to vanability. A hazard-based approach could be useful. as it will provide a
consistent basis for deciding on the acceptability of impacts, while allowing natural sie-

spectfic differences to be taken into account.
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GLOSSARY

The definitions have been extracted from Rand (1995), unless otherwise stated.

Acclimation

Acute Effect Value

Additive toxicity

Antagonism

Aquatic toxicology

Assimilative
capacity

Bioaccumulation

Bioassay

Bioavailability

Biodegradation

18 the time period prior to the imtiation of a toxicity test in which
aquatic organisms are maintained in untreated. 1oxicant-free
dilution water.

is the concentration at and above which a statistically signiticant
acute adverse effect is expected to occur (Roux ¢ al.. 1996).

is the toxicity of a mixture of chemicals that is approximately
cquivalent to that expected from a simple summation ol the
known toxicitics of the individual chemicals present in the
mixture

1s & phenomenon in which the toxieity of a mixture of chemicals
i1s less than that which would be expected from a simple
summation of the toxicities of the individual chemicals present in
the maxture.

15 the study of the effects of manufactured chemicals and other
anthropogenic and natural matenals and activities (collectinely
termed toxic agents or substances) on agquatic organisms al
various levels of orgamzaton, from  sub-cellular  through
individual organisms to communities and ecosystems.

1s the ability of the receiving water 10 dilute or degrade the
pollutant without damage (o the aguatic environment
(Grothe er al.. 1996).

is a process by which chemicals are taken up by aquatic organisms
dircctly from aquatic environment as well as through exposure
from other routes.,

is a test used to evaluate the relative potency of a chemical or a
mixture of chemicals by companing its effect on a living orgamsm
with the effect of a standard preparation on the same tvpe of
organism.

1s the portion of the total quantity or concentration of a chemical
in the environment. or a portion of it that is potentially available
for biological action, such as uptake by an aquatic orgamsm.

is the transformation of a material resulting from the complex
enzvmatic action of microorganisms.
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Biological Oxygen

Demand

Biomonitoring

Chemical Oxygen

Demand

C hronmice Fifect
\alue

C oncentration-
FesPonse curve
Control
Dilution water

(diluent)

Eeological
Reserve

Feological Risk
Assessment

End-point

Hazard

May flies

Median effective

concentration

is the amount of dissolved oxygen consumed by organisms n
water rich in organic matter (DWAF, 1996a-1).

15 the use of living organisms as indicators in water quality
surveillance and compliance to detect changes in effluent and
water bodies and to indicate whether agquatic life may  be
endangered.

15 the amount of oxvgen required 1o oxidize all the organic matter
that 15 susceptible to oxadation by a strong chemical oxidant
(DWAL, 1996a-1).

is the concentration limit, which s safe for all or most ol
populations even during continuous exposure (Roux of af.. 1996),

is a curve describing the relationship between different exposure
concentrations of the test material and pereentages response of the
exposed test population,

I8 & treatment ina toxicity test that contains no toxicant.

18 the water used to dilute the test material in an aguatic toxicit
test in order to prepare different concentrations of an ¢ffluent
for the various test treatments.

is the quantity and quality of water required to protect aguatic
ecosystems in order 1o secure ecologically sustainable
development and use of relevant water resource (DWAFE. 1998)

is the process of estimating and characterizing the Ekelihood that
adverse etfects of human actions on the non-human enviromment
will oceur, are occurring, or have occurred.

is the adverse biological response that is measured and used as
criteria for effects.

is the potential to have an adverse effect.

are a group of inseets with aquatic nymphs, generally sensitive 1o
polluted conditions ¢g. Order Ephemcroptera,  Lamihies
I'cory thidae, Bactidae and Leptophlebiidae,

is the concentration of matenial in water to which test organisms

are exposed that is estimated 10 be effective in producing some
sub-lethal response in 50% of the test organisms.
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Median lethal
concentration

Mercerizing

Monotonicity

Pseudo-replication

Reference site

Reserve

Resource-directed
measures

Risk

Single-species test

Standard
laboratory
(test) organism

Source directed
controls

Synergism

Target Water
Quality Range

is the concentration of material in water to which test organisms
are exposed that 1s estimated to be lethal to 50% of the test
orgamsms

is the treatment of cotton fabric with concentrated sodium
hydroxide to impart sheen and improve the wettability ot the
tabric (Correia er al., 1994)

is when the response proportions consistently increasing with
Increasing concentrations, 1s not mamtamed.

is the use of inferential statistics to test for treatment effects with
data from expeniments where either treatment 1s not rephcated. or
replicates are not statistically independent,

s a relatively un-impacted site used as a basis for comparison with
the sampling site.

is the quantity. quality and reliability of water needed 10 protect
both basic human needs. and the structure and function of
ccosystems so as to secure ecologically sustanable development
and utilizanon (DWAF, 1997¢).

are measures to control the quality of efMuents discharged into
water resources. 10 ensure that it is protected (DWAL. 1997h).

is the likelihood that adverse effects will result from exposure
(SETAC, 1999),

15 @ test where only one species is used as test organisms

is an orgamism that has been bred and reared in the laboratory for
the purpose of being used in toxicity testing.

are measures used to prevent or minimize wastewater discharges
that might impact on the aquatic environment (DWAF, 1997a).

15 a phenomenon in which the toxicity of a mixture of chemicals
1s greater than that which would be expected from a simple
summation of the oxicities of the individual chemicals present in
the mixture.

1s a management objective used to specify the desired

concentration range and water quality requirements for a particular
constituent (DWAF, 19961).
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Toxicant

Toxicity test

Water quality
criteria for aguatic
ceosystem

Water quality
gurdeline

Whole effMluent
toxicity

1s an agent or material capable of producing an adverse response
(effect) in a biological system, seriously injuring structure and or
producing death.

is the means by which the toxicity of a chemical or other test
matenial is determined.

are numerical values or narrative statements that are calculaed
from experimental data and based on expert opimon. with the aim
ol protecting the agquatic environment.

15 a scientifically based set of presenptions to provide a
management framework for implementing water quahity cniteri,
including the eriteria, background information, information on the
tate and eflects of the substance, specifications for monitonng and
analyses ele.

is the total effect of an effluent measured directly with organisms
In i Loxicity test.
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ANOVA
APHA
ASTM
BATNEFEC
BOD
CAT-IWR
CEV
CObD
DWAL
L

ECS0
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FMC
ERA

FAV
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GTE

IKI:
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IWR
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Acute Effect Value

Analysis of Vanance

Amernican Public Health Association

American Society tor Testing Matenal
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Centre tor Aquatic Toxicology - Institute for Water Rescarch
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Lnvironmental Risk Assessment
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General Textile Fffluem
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International Organization of Standards

Institute for Water Research

Institute for Water Quality Studies

Median lethal concentration

No observed effect concentration

National River Health Program

Organizaton for Economic Co-operation and Development
Post-Imgation Textle Effuent

Resource-directed measures

Receiving Water Quality Objectives
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SASS Soutn African Scoring System

SAWOQG South African Water Quality Guidelines

SO Source-directed controls
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CHAPTER 1

TOXICOLOGY AND WATER QUALITY MANAGEMENT IN
SOUTH AFRICA

1.1 INTRODEC HTON

South Alrica s an and or semi-and country with a ramfall that is highly scasonal. and
unevenly distributed across the country. The mean annual raintall (MAR) is abow
S00mm. and s below the world average of 860mm. Approximately 65% ot the
country receives less than this annually, and 21% of the country receives less than
200mm (DWA, 1986). In many rivers flow is seasonal, creating vanable flow rates
The impoundment of nivers and abstraction of water for water supply  purposes
severely affects the natural flow of many rivers. Changes in flow conditions may
cause stress 1o aquatic ccosystems from habitat loss, as well as from changes in water
quality because of a reduction in dilution capacity. High evaporation rates reduce the
availability of surface run-off from rainfall and cause losses from water stored in
dams (DWA, 1986). The available water resources are over-utilised and many arcas
of South Africa experience water stress due to over-allocation, competing water use,

variability in in-stream lows ete

The Department of Water Affairs and Forestry (DWAF) is the custodian of the
nation’s water resources, and as such has the task of managing the quantity and the
quality of water. DWAF s responsible for ensuring that South Afnca's water
resources remain “fit for use™ on a sustainable basis, and also has to ke actve
measures o avert or mimimise the potential nisk of undesirable impacts on the
environment (DWAF, 1996a-1). To be able to manage for sustainable use. DWAF has
developed a policy of water resource protection (DWAF, 19974). The South African
Water Quality Guidelines for Aquatic Ecosystems (DWAF, 19961) are used in the
implementation of this policy. The protection concept is to ensure suflicient water
quantity and quality for ccosystem health and 1o ensure that water resource utilisation

can be maintained. The implementation of the poliey 15 guided by source-directed



controls and resource-directed measures, as regulatory activities. The source-directed
controls arc aimed at controlling impacts through the use of measures such as
licenses, registration  directives and regulations, such as  setting  end-of-pipe
wastewater standards. Resource-directed measures sct objectives for the desired

status of water resources, i.e. in-stream water quality guidelines (DWAF, 19974).

The DWAFS current legislation, the National Water Act (No. 36 of 1998). establishes
the protection of water resources as a right in law. According to Section 18 of the Act.
the Mimister must give effect to the Reserve, which is defined as the quantity and
quahty of water required to satusty basic human needs and to protect aquatic
ceosystems (NWA, 1998). There is the basic human needs Reserve and the ecological
Reserve. The ecological Reserve consists of environmental requirements for water
quality and quantity. The DWAF policy directs that treated sewage and indusinal
cffluents be returned 0 the water bodies, from which the water was ongmally
abstracted. thus supplementing the declining water resources. However. the eftluent
must meet specific quality standards before being discharged to the river or stream, or
being used tor irngation. While the return of effluents augments the quantity of water
available downstream. it also affects the quality of the receiving water. Industnial.
agricultural and urban effluents all contribute 1o the nerease in salinity of the nver,

which is one of the major water quality issues facing South Africa (DWA, 1986).
1.2 WATER QUALITY MANAGEMENT IN SOUTH AFRICA

Water quality management embraces decisions and actions, which lead to the
development, implementation and execution of strategics, to achieve its stated mission
and objectives. The DWAF's objectives are to ensure that water of acceptable quality
continues to be available for recognised users. Water quality is an important part of
water resource management, and water quality management requires information
based on monnonng procedures. DWAL s desirable goals are therefore to maimntain
water quality in a natural state, or in such a state that it remains “fit for use™ for
recognised users (DWAF, 1991). In terms of the National Water Act, the “fit for use”
objectives are linked to a classification system, with resource objectives in classes A-
D and E/F, where Classes I© and F are degraded and degrading. The management tools
that have been available to water quality managers include Uniform Etfluent



Standards, (General, Special and Special Phosphate standards) for non-hazardous
pollutants, the Pollution Prevention Approach for hazardous pollutants and the South
African Water Quality Guidelines (SAWQG) (DWAF, 1996a-1). The General
Effluent Standards have been widely used in water quality management in South
Afnca, and have the aim of assuring that any ¢ffluemt discharged mto a receiving
water would meet both the minimum standards requirements and the SAWQG
However. in spite of nearly forty years of the implementation of effluent standards.

the quality of many rivers has continued to deteriorate (Quibell er af.. 1997)

AL present, most water consumption without treatment poses a human health nisk
Largesscale  urbanisation  of - previously  rural  populations.  plus  growing
industrialisation, has incrcased the water demand and the extent of impacts on water
quality. The DWAF accepts that utilisation of water resources impacts on aguatic
ccosystems, therefore it has 10 be regulated and managed so that the capacity of
aquatic ecosystems 10 maintain their integrity is not irreparably reduced. The use of
guidelines will therefore help to determine the degree to which the quality of

receiving water could be altered. and protected.

In order to meet the growing needs of the country 1n terms of water demand and
supply, sound management practices are essential. Setting water quality management

eriteria forms part of those management prachices

1.2.1  Uniform Efffuent Standards approach
Fhe Uniform Effluent Standards (UES) approach requires that effluents received by
the natural environment comply with unitorm standards, to control the mput ol
various pollutants, The ultimate goal is therefore minimum pollution. In 1980, in an
attempt to improve water quality, DWAF implemented the General, Special Fifluent.
and Special Phosphate Standards, which required all effluents released into the niver
to contain less than 1.0 mg/l of phosphates. The uniform standards are usually set 1o
achieve pollutant concentrations in the effluent using the “best available technology
not entailing excessive cost”™ (BATNEEC) 1w treat effluent (DWAF, 1991). Although
the UES were thought to have been successful, water quality continued to deteriorate.
This prompted the DWAF to advocate a change from the UES approach. which had

mainly focused on eflfluent and ignored the impact of effluent discharges on the




quality of the receiving water, 1o the Receiving Water Quality Objectives (RWQO)
approach (van der Merwe and Grobler, 1990).

The UES approach to water pollution control has two main advantages. It is simple.
more understandable and s straightforward for regulators 10 enforce. The approach
also has disadvantages. It may fal to protect the quality of water resources where
there are multiple point sources of a particular pollutant or where there are high
background levels arising from non-point sources. It is not cost-effective since 1t
requires all effluent 1o comply with the same standards irrespective of the assimilative
capacity of the receiving waters: it provides no incentive for industry 1o locate at the
most advantageous environmental location: and it provides no framework for control

ol non-point sources (DWAFE, 1991).

1.2.2  Receiving Water Quality Objective approach
I'he RWQO approach focuses on the quality of receiving water rather than the
crmssion from the source (DWAF, 1996 a-1). The implementation of the RWQO
approach aimed to manage the receiving water bodics in a state that is “fit for use™ as
defined by recognised water users. ve. domestic supply. agricultural. recrcational and
industry (DWAFE, 1996 a-d). In 1997, DWAF recognised the environment as the
resource-base rather than as a “user”™ and resource protection, in order to sustain use.
became the stated National Water Policy (DWAF, 19974 Resonree protection
requires that point and diffuse sources be controlled 1o achieve the desired quality in
the receiving water (DWAL, 1995). The RWQO approach recogmised that the
receiving walter has the capacity to assimilate pollution without serious detniment to
quality requirements of the recognised users, and has three mam advantages (DW AL,

1991):

e Both point and non-point sources of pollution have to be taken into account as the
focus is on the quabity of the receiving waters and minimum interference with
legitimate uses of the environment;

® it is cost effective as it optimizes the level of control required by considering the
capacity of the receiving water environment to assimilate particular pollutants,
and

e it offers an incentive for industry 1o locate where the receiving environment is



least sensitive to pollution.

I'he approach also has drawbacks, namely:

e Thorough understanding of the fate of pollutants and of their impacts on the water
cnvironment is needed:

e its apphication is technologically more demanding: and

e a more detailed investigation is required. since site-specific effluent standards

have to he specified.

I cases where the RWQO approach is not appropriate. for example. handling and
disposal of hazardous substances. the Pollution Prevention approach s preterred
Fhe pollution prevention approach involves reduction and reeveling o reduce the
quantity and toxicity of waste and to mimimise present and future threats posed
hazardous substances to the human health and the environment. Due to the toxiciny,
persistence and  bioaccumulation of hazardous pollutants to the environment. the
DWAF has adopted a precautionary approach (DWAF. 1991y The precautionan
approach indicates that a positive action be taken 1o minimise undesirable impacts on
the environment (DWAE. 1995)  This approach strongly indicates  that waste

prevention is a valuable means of reducing the risks to the environment,

The RWQO approach has so far been applied mainly where polluters have asked tor
relaxation of the General or Special Standards. Although this approach can result in
site-specitic standards that are stricter than the General and Special Standards, all the
cases that had been dealt with until 1991 have resulted in relaxation of the
requirements (DWALE, 1991). In effect, water quality continues to be managed on the
basis of UES. This has not really succeeded at all in protecting the quality of water
resources, and it became necessary to implement another approach. This approach 1s
the basis of sustainability in water resource use, embodied in the concept of the

Reserve.

1.2.3 South African Water Quality Guidelines
As the custodian of South Africa’s water resources, the DWAF's goal is to ensure the
protection of the aquatic ecosystems so that they remain in a healthy and viable state,

and that the qualiny of water resources remains “fit for use”™ (DWAF, 1996 a-0). This



is necessary as aquatic systems form the resource base from which other users are
supplied (DWAF, 1996f; 1997a). The aim of developing South African Water Quality
Guidelines (SAWOQG) for Aquatic Ecosystems has been to develop a set of guidelines
and critena that are appropriate for ecological conditions in South Africa. based on a

consensus amongst experts and water quality managers.

The guidelines contain values for a selected range of constituents expressed as Target
Water Quality Range (TWQR). the Chronic Effect Value (CEV) and the Acute Fitect
Value (AEV), all of which are based of information of tolerances of aquatic biota. The
IT'WOR 15 not a criterion, but a management tool (Roux ¢ af . 1996). DWALF s policy
15 o maintain constituents within the TWOQR as part of its protective approach, The
ALV is the concentration at and above which a statistically significant adverse effect
is expected o occur after a short-term exposure, and the CEV is the concentration at
and above which a statistically significant adverse effect is expected 1o oceur after a
long-term exposure (Roux er al.. 1996). If chemical constituents at the CEV level
persist in the aquatic ecosystems for indefinite penods. death of individuals and
eventual disappearance ol sensitive species from the ecosystems can be expected
Since there were very few toxicological data on freshwater species indigenous 10
South Africa. the AEV and CEV values in the SAWOQG for Aquatic Feosystems were
derived from intermational toxicological databases. Species from differenmt trophic
levels and taxonomic groups were included (Moore, 1990 Moore ¢r o 1991
DWAF, 19961). The lethal concentration or L.CS0 values (a concentration at which
50% of the test population die (Rand, 1995) of tolerance test results from a vanety of
taxa were used to calculate the AEV and CEV values. Safety factors were applied
where data were himited. However, Parkhurst (1995) argued that the use of safety
factors might lead to water quality standards and cffluent limits that are more
stringent and costlier than are necessary to protect aguatic life. In this study, safety
factors were omitted and 1.C1 values were used to dernive AEV values (Sections 3,58

and 4.5.5). Chronic values were not caleulated, as chronic testing was not undertaken.

1.2.4  South African National Water Policy
The main principles of the National Water Policy are cquity and sustainability
(DWAF, 1997a). Equiry means water must be available for evervone and

sustainahility means water utilisation forever. The aim of the policy is not to totally



prevent impacts, but to balance the long-term resource protection with short and
medium term demands on water resources. Prevention of all impacts would hamper
social and economic growth, but o little protection could lead 1o irreversible
resource damage and limitations on future use. Therefore, the responsibility for water
FCSOUrCe management is to protect water resources from over-utilisation or impacts.
which cause degradation. The National Water Policy 1s given legal substance through

the National Water Act (No. 36 of 1998).

Lhe 1998 National Water Act protects any excessive burden on ccosystems, as they
will detenorate and lose the ability to sustain utilisation in the long-term. Freshwater
ccosvsiems, the water resource base on which water users depend. need 10 be
protected. 1t is the healthy functioming of the whole ecosvstem which gives a water
resource its ability 1o recover from unusual and stresstul situations. For resource
protection to be cllective, resource-directed measures and source-directed controls
have been developed (DWAF, 1997a).

Resouwrce-directed measures

The existing effluent standards lack a link between the enforcing license conditions

and the relevant state of the receiving environment (Palmer and Scherman, in press)

Resource-directed objectives have four components, which are necessary for the

protection of the resource-base namely:

e aclassification system lor water resources;

e determining an Fcological Management Class (EMC):

e determimng the ecological Reserve, and

e setting water guality resource objectives for quality, quantity, biota and habitat
(NWA, 1998).

The National River Health Programme (NRHP) is the first imtative 1o contribute to

setting and monitoring resource objectives (Hohls, 1996: Uys ¢ al.. 1996).

The NRHP is based on a suite of instream bioassessment (biomonitoring) techniques.,
and one of the most widely used is the South African Scoring System Version 4.0
(SASS4) (Chutter. 1994; 1998). This method provides scores for the presence of
sclected invertebrate taxa. Low SASS4 scores indicate a water quality or habita

integrity problem. but do not indicate the cause of the problem, Toxicological studies




such as the ones undertaken in the present study provide complementary information,

which can contribute to identifying the causes of low biomonitoring scores

Sowrce-directed controls

The RWOQO approach was never comprehensively applied by the DWAF, and as a
result, the quality of water resources has continued 1o deteriorate. Up to the present.
most of the monitoring standards for licenses are based on chemical concentrations
Under the new National Water Act. stricter measures are being put in place o control
the nature of wastewater discharged into water resources, thus protecting  the
environment. A key question is whether industries and sewage treatment works would
be able to comply with the set standards considering a lack of modern echnology and
economic constraints? A more comprehensive approach to wastewater disposal. water
conservation, human health protection and economic needs 1s an integrated approach
Because it 1s important not to be unnecessarily over-protective, the use of site-specific
tolerance/toxicity testing in order to provide site-specific resource objectives can be

cconomically advantageous.

Source-directed controls include all measures used to prevent or mimmise wastewater
discharges that might impact on the aquatic environment, for example: the issuing of
end-of-pipe licenses: authorisation for water use: wastewater standards for point-
source pollutants. and appropriate technological changes (DWALF. 19974) With the
rapid developments in toxicity testing proving successful, toxicity end-points could be
included in future license requirements, contributing generally to source-directed

macasures.,
1.3 ECOoToX1c0LOGY

Ecotoxicology is  an interdisciplinary  science,  integrating  toxicology  with
environmental chemistry and ecology (Rand and Petrocelli, 19850 van der Gaag.
1991). It was introduced because of growing concern about the effects of
environmental chemicals upon ecosystems. Ecotoxicology investigates the effects of
toxic substances already present in the environment and aims to predict the effects of
newly introduced chemicals (van der Gaag, 1991). It deals with harmful effects of
chemicals within the context of ecology (Walker ¢f al., 1996), and includes the



interaction of chemical substances with the physical environment in which the
orgamsms live (Rand, 1995). Where the focus of a study is more on producing
laboratory data, as in this study, and integrating ecological studies are not undertaken,
the study remains in the discipline of aquatic toxicology. In this study, a level of
environmenial “realism” is provided by the use of wild populations of riverine

mvertehrates as test tana.

1.3.1 Aquatic toxicology
Aquatic toxicology is a multi-disciplinary science that studies the chemical, physical
and biological factors that atfect environmental concentrations of chemicals (Sloof,
19KK: Rand o7 o/ . 1995) and can contnbute substantially 10 the protection ol natural
ecosvstems (Cairns and Mount, 1990), Its main function 1s to identify chemicals that
can have adverse effects on aguatic organisms (Rand. 1995). and 11 can be applied in
Lcological Risk Assessment (ERA) Whole Effluent Toxicity (W ET) evaluations and
in the derivation of water quality criteria. In this study, aquatic toxicology 1s used in

site-specitic whole effuent toxicity evaluations.

Aquatic wxicology can be undenaken using single or multisspecies systems. Most
single-species tests are conducted in the laboratory and provide information on the
duration of exposure that produces changes in factors such as mortahty, growth and
reproduction within the species. Single-species tests use one species from any trophic
level. They are simple. casy to conduct and can be replicated, but do not account tor
the adaptive ability of natural populations of organisms. The single-species approach
has been criticised as it ignores the fact that a pollutant does not only affect single
organisms, but also gher levels of the biological hicrarchy (Caims, 1986, 1992),
Multiple-species tests can be conducted in the laboratory and provide nformation
more predictive of ecological consequences of the chemical release. Despite the
criticisms, single-species tests seem to remain the major regulatory ool upon which
decision-making and management s based (Rand, 1995). In this study, single-species

testing was undertaken.

Aquatic toxicity tests have been conducted using aquatic species like fish and
Daphinta spp. in single-species tests. Fish have traditionally been the most common

organism used in aquatic toxicology. because:



e they were viewed as an important resource requiring protection;

e it was thought that their high sensitivity to pollutants would ensure that standards
denived for their protection would automatically serve for the protection of less
sensitive aquatic biota: and

e several species were available in a disease-free state from artificial culture
(Boudou and Ribeyre, 1989).

However. macro-invertehrates and diatoms have been found to be more sensitive 1o

lower concentrations of toxicants than fish (APHA, 1992). and often represent a large

majority of the biomass in a natural system (Buikema ef al.. 1982).

Daplma spp.. a small invertebrate commonly called a “water flea™. has been widely
used as a standard test organism for toxicity testing (Rand and Petrocelli. 1985),
However. Daplmia spp. can only be found in standing waters such as dams and lakes.
Most point-source pollution occurs in rivers, 1e. flowing water systems, and in South
Africa rivers are the most important freshwater aquatic ecosystems (DWAF, 19974).
Ihere is therefore a need 10 produce data on how indigenous riverine invenebrates

respond to potential pollutants, both as single substances and as complex effluents,

The application of aquatic toxicology in South African water resource management 1s
relatively new. Toxicity tests have not yet been required for regulatory purposes.
although guidelines for drinking water have been recently developed using toxicity
testing methods (Slabbert ef al.. 1998 a. b). The tests were conducted using Daphnia.
protozoa, algae and enzymes, but not indigenous invertebrates, which are the resident
organisms in the aquatic environment. Indigenous riverine invertebrates are relevant

to the development of resource objectives for ccosystems.

In this study, indigenous riverine aquatic macromnvertebrates were used as test
organisms. There is a need for such toxicity data, as it is not known how the standard
test species such as Daphnia and international toxicity data compare to the responses
of local species. Therefore, it is difficult to evaluate the real level of protection
afforded by the SAWOQG (DWAF, 19961). Indigenous organisms increase both the
rehiability of data and the environment realism. Therefore, the use of indigenous

riverine organism could be particularly useful in setting site-specific guidelines. There

10



is also a need for the development of standardised test protocol for indigenous
organisms. The Centre for Aquatic Toxicology (CAT) at the Institute for Water
Research (IWR) has developed a protocol for acute toxicity testing using selected

indigenous riverine invertebrates in artificial stream systems (DWAF 2000)

1.3.2  Toxicity testing
Biological toxicity testing has become an increasingly important approach in
assessing potential effects on aquatic biota, as chemical/physical tests alone are not
sufficient to ensure resource protection (APHA. 1992). Toxicity testing can be used to
determine tolerances of riverine organisms to single-substances, such as salis and
specific 1ons, as well as whole-effluents that may be saline. It can cope with varnations
in the composition of complex effluents and detect the effects of the combination of
all compounds present (Hunt e af.. 1992). Toxicity testing has been incorporated into
the issuing of licenses, resulting in the improved control of toxic discharges (Owens,
1991). Its application in the surveillance and monitoring of inputs to the aquatic
environment is widespread and common throughout the USA and Furope and 1o a
limited extent in Australia (Wall and Hanmer. 1987: Richardson and Martin. 1994). A
toxicity-based approach is well used in the USA 10 wdentify environmental problems,
establish regulatory priorities. set permit limits, and to monitor unacceptable effluent
effects. In South Africa, toxicity testing has not yet been required for regulatory
purposes.  Since toxicity results provide data on hiotic responses to chemieal
concentrations, toxicity data provide a hnk between biological and  chemical

monitoring data.

I'he information gained from vanous toxicity tests can be of use i pollution
management for:

e prediction of the environmental effeets of a waste product;

e comparison of toxicant effects on animals; and

e regulation of discharges (Buikema ef af., 1982).

Toxicity test data can also provide information about the mechanisms of 1oxicity,
synergistic or antagonistic interactions with various environmental parameters, and
the overall impact of stresses (Coler and Rockwood, 1989). Toxicity testing can be

conducted in a controlled laboratory with a limited number of vanables, in a natural




ecosystem, and in experimental model ecosystems (simulated indoor or outdoor)

(Rand, 1995). In this study, toxicity tests were conducted in the laboratory.

Toxicity tests procedures are typically classified according to:

e duration (i.c. short-term or long-term);

e method of adding the west solution (1.¢. flow conditions). and

e the purpose of the test (i.e. toxicity endpoint) (Rand. 1995).

The endpoints are often related to the duration of exposure to the test solution and the

life stages of the exposed organisms (Buikema e @/, 1982; Rand. 1995). Tests can be

lethal (where the end-point is death) or sub-lethal (where the end-points could be

changes in growth, reproduction or  behaviour). In lethal testing, the  lethal

concentration or LCS0, a concentration at which 50% of the test population die. 1s the

standard response (Rand. 1995). Acute tests (short-term tests i.¢. 96 hrs or less) may

be undertaken in systems that are static, renewed. recirculated. or flow-through. Any

technique to be used 1s dependent on the specific test and the objective of the test. In

static tests, test organisms are placed in test chambers with the toxicant solution and

kept there for the duration of the test. Static tests have the following charactensuces

e test organisms are exposed to the same toxicant mixture for the whole test:

e lentic organisms are suitable test taxa;

e tests are simple and inexpensive, using small volumes of water;

e toxicant concentration may decrease during the test; and

e oxygen levels may drop, while excretory toxin levels may nse (Pascoe and
Edwards, 1989, US EPA, 1992; Rand, 1995).

Some of the disadvantages of static tests are overcome in static renewal tests in which

test solutions are replaced, usually at 24 hour intervals (Rand, 1995).

Recirculation tests have test water that is flowing, but is recirculated through the test
chamber during the test. A flow-through test is when there is a continuous, once only,
flow through the test chamber during the test. A flow-through test system prevents
metabolite build-up and interaction with toxic substances; reduces the loss of toxic
substances to adsorption and volatilisation (Pascoe and Edwards, 1989); and the
dissolved oxygen (DO) levels remain high (US EPA, 1992). However, this system

does not provide information about the persistence of toxicity (1S FPA_ 1992) and
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uses large quantities of water. Flow-through tests are found to be cumbersome,
expensive to operate, and create large quantities of wastewater (Williams er al., 1984;
US EPA, 1992). Although it has been suggested that if the test is to determine the
toxicity of wastewater to riverine organisms, then a continuous flow test would be
most appropriate (Buikema er al., 1982), recirculation test systems were used for this

study to avoid problems of water supply and waste disposal.

Acute toxicity tests

Acute toxicity tests have been used extensively to determine the effects of potentially
toxic materials on aquatic organisms during short-term (usually 96 hours or less)
exposure under controlled conditions (Parrish, 1985: Van Lecuwen, 1988a) Acute
toxicity tests are conducted by exposing groups of organisms to  different
concentrations of test material or effluent concentrations. The response produced 1s
usually death and its criteria are lack of movement and of reaction to prodding
(Sprague. 1973; Parmish, 1985). Acute toxicity tests are simple to conduct, and are
casily interpreted. In this study, acute toxicity tests were used to investigate the effects
of saline effluents to riverine macroinvertebrates, using recirculating artificial stream

systems.

Chronic toxicity tests

Acute toxicity testing may not indicate toxicity but that does not necessarily mean test
water is not toxic. Chronic toxicity tests evaluate the possible toxic effects of a test
material under long-term conditions, at lethal and sub-lethal concentrations. In
chronic tests, the test organism is generally exposed for an entire reproductive
lifecvele or partial-cyele to at least five concentrations of the test material (Rand and
Petrocelli, 1985: Van Leeuwen, 1988b). The duration of chronic toxicity testing
ranges {from 7 (sub-chronic) or 10 days (short-term chronic). to months (chronic).
Chronic test end-points involve long-term mortality, changes in growth, reproduction,
survival and behaviour (Rand and Petrocelli, 1985; Van Lecuwen, 1988b: Rand,
1995). Therefore, chronic tests can provide a more sensitive measure of chemical
toxicity than acute toxicity tests (Rand, 1995). In this study, limited chronic toxicity

testing was undertaken.
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1.3.3  Whole Effluent Toxicity (WET) resting
Many industries discharge their effluents as complex chemical mixtures with their
synergistic, antagonistic and additive characteristics, into water resources. The
complexity of effluents makes it difficult and expensive to identify individual
chemicals. In South Africa, discharge of untreated industrial effluents into the
environment either directly or via municipal sewage treatment works, is causing water
quality problems to the limited water resources. It is therefore important that
wastewater be treated to satisfactory standards before being discharged into the

receiving water.

WET testing was formulated with the intention to identify, characterise and eliminate

toxic effects of discharges on water resources. It has been a useful tool for identifying

toxicity impacts on the environment (Grothe ef al., 1996). WET testing forms a major

portion of the US EPA’s integrated approach 1o toxins. Its major objective is 1o

estimate the “no adverse effect” concentration of effluents or pure compounds. thus

protecting the environment (Chapman er al., 1996). It is most appropriate in situations

where:

e effluent constituents are not completely known:

e a complex mixture of potentially synergistic, additive and antagonistic toxic
pollutants are discharged into the environment;

e more than one discharger is located in a specific arca and the potential exists for
cffluent mixing and additive toxic effects; and

® a chemical-specific evaluation is not practical due to lack of information about

toxic effects of a chemical or lack of resources required to model the chemical(s)
present (U'S EPA, 1985a).

The DWAF has identified WET testing as a tool to evaluate the suitability of
hazardous eflfluents for discharge into receiving waters (Slabbert ¢ al.. 1998a).
Chemical analysis can be costly when complex organic substances are involved, and
WET testing can be a cost-effective route to determining the dilution of the whole
effluent required and associated toxic effects (Palmer and Scherman, in press).

However, when this approach is adapted to using indigenous, wild test populations,



there is the added challenge of variability of the wild population, as well as the

variability of effluent composition.

Effluent variability

Several factors should be considered in making the choice of toxicity test system, ¢,
is the effluent highly variable and is the discharge continuous or intermittemt? It the
efMuent is variable and continuous, then a continuous, flow-through test is preferred.
If it is variable and intermittent, static renewal is preferred and a composite test
sample 15 used (Burton ¢ al., 1996). Effluent variability is caused mainly by changes
in the composition of the effluent. If the effluent is not variable, e.g. the effluent is
discharged from a retention dam, then a static or renewal system and a grab sample

are appropriate for the test (Rand, 1995).

Effluent sample variability

The cfMuent sample should be representative of the whole effluent 10 be tested.
Effluent can be kept frozen if not used immediately after collection. but must be
defrosted and the temperature adjusted before use. Effluent may be coarse-filtered
through a sieve to remove any large floating particles or suspended solids before it s
used, however, this must be done with caution as filtering may reduce toxicity (US
EPA, 1993).

A grab sample may be completely adequate in the case of an effluent that varies little
in composition through time, but may be completely inappropriate for charactensing
the toxicity of an effluent that varies over time. A grab sample is recommended for
acute toxicity testing. but will not reveal extreme situations. For example, a sample
will only show a toxicity peak if the sample has been collected during a toxicity peak
period. One of the advantages of using a grab sample is that the cffluent toxicant
concentrations remain relatively constant throughout the test duration (Burton Jr. er
al., 1996). A compositc sample may prove ideal for chronic toxieity tests, but
significant variability will exist within the ¢ffluent sample (Eagleson e al. 1986).
This method may mask periods of peak toxicity (Keith, 1990: US EPA, 1992), as a
composite sample tends to average chemical constituent fluctuations during the
sampling period (Eagleson ef al, 1986). Composite samples are recommended for

chronic toxicity tests where peak toxicity of short duration is not critical.
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For this study, 2 types of whole effluent were tested, and their charactenstes are
discussed in Chapters 3 and 4 respectively:
1) pulp and paper kraft effluent
a) from the mill (excluding bleaching effluent)
b) irrigation effluent (combined general and bleaching effluents),
2) textile effluent
a) from the factory (excluding caustic effluent)

b) post-irrigation (effluent collected into a holding dam after irrigation).

In conclusion, WET testing potentially measures (US EPA, 1992):
e the effects of those toxic substances that are present in a form that can affect
organisms, and

o the effects of interactions of constituents.

However, it also has the following potential disadvantages (US EPA, 1992):

e it provides no information about protecting human health;

e it does not indicate how long toxicity persists in the environment; and

e it does not take into account the changes in toxicity that can result from

environmental changes.

End-points

For acute toxicity tests, the most commonly used end-points are mortality and
immobilisation (Rand and Petrocelli, 1985; APHA, 1992). The median eflective
concentration (EC50) may therefore be cited as the end-point rather than median
lethal concentration (LC30), when mortality is difficult to define (APHA, 1992). The
ECS0 is the estimated concentration of the toxicant which will have an effect on 50%
of the test population. In this study, monality was the selected end-point and 1.C50s
were determined.

1.3.4  Artificial stream systems
Artificial stream systems have been used in ecotoxicological research to recreate and
mimic natural conditions in rivers, under controlled environmental conditions (Shriner

and Gregory, 1984; Kosinski, 1989; Lamberti and Steinman, 1993). They have been
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used 1o study the basic ecological principles of lotic ecosystems. They have also been
used to investigate the cffects of toxic chemicals on specific components of the
ecosystem and the interactions among and between species and their environment
(Kosinski. 1989; Lamberti and Steinman, 1993). There are outdoor and indoor

artificial stream systems of different scales.

The CAT-IWR in Grahamstown, has undertaken artificial stream research since 1992,
T'he aim of their research 1s 1o employ the experimental methods of aquatic toxicology
to explore the possibilities of conducting experiments using indigenous niverine
organisms (Palmer ef al., 1996; Williams, 1996; Binder, 1999; Everitt, 1999; DWALF,
2000). In this study, investigations into the tolerances of selected indigenous nverine

macroinvertebrates to complex saline kraft and textile effluents were undertaken.

1.3.5 Test organisms
The use of indigenous species in toxicity testing improves the ability 1o predict
responses in the field, however, it may be problematic to collect and maintain test
species in the laboratory, especially early instars of highly sensitive groups c.g.
mayflies (Clements and Kiffeney, 1996). The size and life stage may cause under or
over-estimation of effects in the field. Organism identification is important as results
can be expressed at the level of the individual organism’s response. or community
level response. This expression can be in terms of biomass. species richness. diversity

or functional group biomass (Guckert. 1993).

Generally, vounger organisms are considered more sensilive o oxic stressors than
older organisms. The contributing factors are frequent moulting during carly lite
stages in many invertebrates, surface/mass ratio and organ tissue formation (LS EPA,
1993; Burton Jr. er al., 1996). Mayfly nvmphs were chosen as test organisms for this
study, as they are sensitive (Williams, 1996; Clements and Kitfeney. 1996) and play
an important role in river ccosystem function (Davies ef af., 1993; Davies and Day.
1986; Palmer ef al., 1993). The test organisms used were Tricoryvthus tincius, a filter-
feeding tricorythid mayfly from the reference site in the Sabie River (Palmer and
Scherman, in press), and a mixed baetid population from an unimpacted reach of the
Buffalo River. Test organisms were collected from the same area. as organisms of the

same species from different sources may have different sensitivities to the same
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toxicant (Weber, 1981, APHA, 1992: Chapman, 2000), which would increase the
variability of test results (Rand, 1995). Both species are fairly widespread in many
rivers in South Africa and arc both abundant components of the invertebrate fauna

-~

(Palmer ¢t al., 1993).

1.3.6  Aquatic toxicology at the Centre for Aquatic Toxicology ~
Institute for Water Research, Rhodes University
Artificial stream laboratory has been developed at CAT-IWR for investigations into
the tolerances of South African riverine invertebrates. The artificial streams provide
lotic conditions, and allow comparisons with the responses of the lentue 1) pulex
Sclected riverine macro-invertebrates have been exposed to water quality variables,
such as vanous salts, metals and chlorine with the aim of contributing 10 the
development of water quality guidelines for the natural environment (Palmer of al.,
1996; Goetsch and Palmer, 1997; Gerhardt and Palmer, 1998: Binder, 1999, Event,
1999). Test taxa are usually collected from rivers, but investigations into laboratory
rearing have been undertaken (Haigh and Davies-Coleman, 1997). The CAT-IWR s
also involved with whole effluent toxicity (WET) testing using complex effluents.
This study forms part of the WET testing programme (Palmer and Scherman. in

press).

1.4 LIMITATIONS OF THE WET ApPPROACH

This research acknowledges several general limitations inherent in WET testing

(Grothe er ai., 1996 US EPA, 1992):

e Test results are variable and not always reproducible.

e If effluent toxicity degrades rapidly in the receiving water. WET test results may
over-estimate effects to resident biota (Parkhurst and Mount, 1991).

e Properties related to specific chemicals in complex effluents (such as
bioaccumulation and carcinogenicity) are not generally assessed.

e  Where there are chemical/physical conditions present that act on toxicants in such
a way as to “release” toxicity downstream, such toxicity may not be measured in
the effluent (US EPA, 1985b).

e  WET testing only provides an indication of the toxicity of a solution and does not



identify the specific toxic components, nor is it indicative of the complexity of the

mixture (Hunt e, al , 1992).

1.5 FCOLOGICAL RISK ASSESSMENT

Ecological Risk Assessment (ERA) is a new tool in South Africa. and serves o
support sustainable environmental management. ERA describes the probability of o
hazardous substance affecting an ecosystem., as risk is defined as the probability that a
hazard will be realised (Chapman, 2000). ERA has two basic elements:
e exposure, which is the interaction of stressors and receptors. and
e an analysis of effects. which evaluates changes in the nature and magnitude of
effects
as exposure changes.
Integrating exposure and cffects information leads to an estimation of risk (SETAC,
1997). The approach provides an objective way of balancing the degree of nisk 10 be
permitted. against the cost of nsk reduction and competing risks (Palmer and
Scherman, in press). In this study, the level of environmental hazard posed by
different dilutions of effluent is ranked, and related to the classification (DWAF,
1997a) of the river. As mentioned in Section 1.3.3, WET is a tool to identify a hazard,
and hazard identification is the first stage of ERA.

1.6 SALINISATION

Salinisation is seen as one of the single most serious threats facing public water use in
South Africa (DWA, 1986: DWAF, 1997b), as it renders water unsuitable for many
uses. Saline effluents from industries and sewage treatment works also contribute to
the high salinity of receiving waters. Increased water recycling within the catchment
can also cause conservative components such as chloride to build up in surface and
groundwater as a result of evaporation. Chloride and sulphate anions and sodium
cations are most commonly implicated in salinisation (DWA, 1986). In this study. the

focus was on salinisation due to the discharge of saline effluents into the environment.
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Spray irrigation can lead to a build-up of naturally-occurring salts in the soil as the
water evaporates, forming more concentrated salt solutions which percolate through
the soil leaching more soil salts (Williams, 1987). This results in increasing salt loads
in the nearby stream, river or groundwater. The salt then percolates down into the
groundwater or runs downstream and finally into the rivers. Continuous irmgation,
with evapo-transpiration of saline water. results in the accumulation of salt in the
upper soil layers, which can seriously affect plant growth and crop vields (DWAF,
1996¢). This may ultimately result in irreversible damage to the soil structure since
high sodium concentrations damage the clay particle structure and soil permeability.
Discharges of saline industrial and sewage effluents are a common cause of increasing
salinisation and deteriorating water quality. Some industries have therefore considered
desalinisation processes, so that treated effluents could be re-cycled. reducing the
mineral enrichment of the receiving waters. However, the high salinity of some

industrial effluents has limited the industnal recycling of wastewater.
1.7 AIMS AND OBJECTIVES OF THE STUDY

The aim of this study was to investigate the tolerances of selected riverine
invertebrates to complex saline effluents from kraft (pulp and paper) and textile
processing. Presently, there is very little information on indigenous organism response
to saline effluents. This aim has been investigated through six objectives

Objectives

e To establish a capacity for toxicity testing using flowing water organisms.

To identify suitable test organism(s) and to conduct tolerance experiments using

these test taxa.

e To contribute to the environmental water quality objectives for kraft (pulp and
paper) and texule effluents.

e To assess the toxicity of kraft and textile effluents using WET testing.

¢ To contnbute 10 the understanding of the effects of kraft and textile ¢ffluents on

macroinveterbrates in selected rivers.

To contribute to the toxicity database of CAT-IWR.
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1.8 THESISSTRUCTURE

CHAPTER 1 TOXICOLOGY AND WATER QUALITY MANAGEMENT IN
SOUTH AFRICA

This Chapter describes the water quality management of South Africa’s water
resources with emphasis on the new National Water Act and the South African Water
Quality Guidelines. It introduces the use of instream bioassessment and toxicity
testing as tools for water quality management. Emphasis is placed on WET testing as
a tool that is currently undergoing method development. Ecological Risk Assessment
is introduced. and salimsation 1s mentioned briefly as industries are contributing 10
salinisation via the discharge of saline effluents into receiving waters. Aims and

objectives of the study are listed.

CHAPTER 2 MATERIALS AND METHODS

I'his Chapter describes the general methods used in toxicity testing applicable to both
kraft and textile effluents. Artificial recirculating systems are described. Collecting
and handling of effluents, sclecting and collecting of organisms, selection of dilution
media, laboratory design, experimental design and procedure are explained. Data
processing 1s discussed. Methods specific to each effluent are covered in Chapters3
and 4 respectively.

CHAPTER 3 EFFECTS OF KRAFT MILL EFFLUENTS ON NYMPHS OF THE
MAYFLY Fricorythuy tinctus Kimmins FROM THE SABIE RIVER,
MPUMALANGA

A general descripuion of kraft mill pulp and paper effluent is given. Details of the
manufacturing process with special reference to a Mpumalanga mill are explained. A
general review of the effects of kraft effluents on freshwater aquatic environments is
given, which serves to highlight the northern hemisphere focus on the responses of
fish. macro-invertebrates and algae. The specific aims and objectives of the study are
introduced and a brief description of the study site and specific methodology used

during the study 1s given.



A single test population of the mayfly nymph 7 tintus was exposed to general and
imigation effluent. Whole effluent toxicity results and their application in the water
quality management of both the Elands River (receiving water) and the Sabie River

(source of test organisms) are discussed.

CHAPTER 4 INVESTIGATING THE EFFECTS OF TEXTILE
EFFLUENTS ON MAYFLY NYMPHS FROM THE
BUFFALO RIVER, EASTERN CAPE

This specific study investigated the effects of textile mill effluent on riffle-dwelling
macro-invertebrates from the Buffalo River, using effluent from an Eastern Cape
textile mill. The South African textile industry, the selected Eastern Cape textile mull,
and the study arca are briefly discussed. Methods specific to the effluent and test
organisms are described. and mortality data presented. Mayfly nymphs were exposed
to a wide range of effluent concentrations (general and post-irrigation effluents) over
96 hours and 7 days The application of the toxicity data in water guality management
of the BufTalo River is discussed.

CHAPTER S CONCLUSION AND RECOMMENDATIONS

In addition to concluding remarks and recommendations are made in the context of

WET testing method development, and its application 1n water resource management.
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CHAPTER 2

MATERIALS AND METHODS

Chapter 2 describes general methods, applicable to both kraft and texule effluenm
experiments, Additional specific information can be found in Chapters 3 and 4

respectively.
21 INTRODUCTION

Wastewater from industries and municipalities i1s a major source of pollution to
aquatic environments. The management of toxic substances entering natural waters is
complex, as pollutants often enter in a diffuse manner as multiple sources. This
disposal of increasing amounts of toxic chemicals has created a need for information
on the fate, transport and effects of these substances in the environment. At the same
time, demands of urbanisation and economic activity have compromised the
assimilative capacity of scarce water resources. Strict measures must therefore be
applied to reduce pollution of the aguatic environment. Assimilative capacity is the
ability of the receiving water 1o dilute or degrade the pollutant without damage 10 the
aquatic environment (Grothe e al., 1996). The first step in trying to maintain
assimilative capacity is to determine what effluent concentrations can be allowed to
enter the river, that is, to determine the toxicity of the effluent. Whole effluent toxicity

(WET) testing 15 an ideal tool for this process (Slabbert er al., 1998a).

The control of point source discharges from industries and municipal wastewater
treatment facilities has resulted in continuous improvements to the quality of
receiving waters of the United States of America (USA) (Dom and van Compemolle,
1995). In South Africa, the lack of enforcement of point source regulation has resulted
in many water resources being impacted. Industrial effluents are complex and variable
and may contain substances that, in combination, may have synergistic or antagonistic
cffects (Weber, 1981). The composition of effluent and relative concentrations of the

components also changes as it moves through the receiving water (US EPA, 1986), so



that the toxicity of the effluent downstream may not be the same as at the discharge

point, although it is the same effluent.

Many countries are currently applying biological toxicity testing methods to monitor
and control the discharge of harmful substances into the aquatic environment. In the
USA. the Environmental Protection Agency (EPA) uses an integrated hazard
assessment approach in which biological toxicity testing plays an important role (U'S
EPA. 1989). The Organisation for Economic Co-operation and Development (OFECD)
also advocates the use of toxicity testing to control toxicants in industnial effluents
and related receiving waters (OECD. 1987). In South Afnca. there are a number of
institutions, ¢.g. Environmentek of the Centre for Scientific and Industnal Rescarch
(CSIR). the Department of Water Affairs and Forestry's (DWAF) Institute for Water
Quality Studies (IWQS), Rand Water, Sasol and the CAT-IWR. that have the

infrastructure and facilities to conduct freshwater toxicity tests.

Toxicity testing has been in use for water and wastewater testing in South Africa since
the carly 1980°s (Grabow et al., 1985: Slabbert. 1988). The bioassay procedures for
routine testing in South Africa use standard organisms e.g. Daphnia pulex. These
procedures have been developed by the CSIR and IWQS and are similar to those
applied by other countries (Slabbert ef af., 1998 ab). However, the DWAF s decision
to incorporate WET testing into its toxic effluent management policy has necessitated
the establishment of appropriate procedures for use in a South African context
(Slabbert er al., 1998a). The focus has been on the use of standard laboratory
organisms. However, this study focuses on the use of WET testing to contribute to the
development of methodologies using niverine indigenous macroinvertebrates as test

organisms.

In this Chapter. the recirculating artificial streams used for this study arc introduced.
WET testing methodology. how selected test effluents were collected and handled.
and the selection and collection of test organisms are discussed bricfly. The

experimental design and procedure, and statistical analyses are also explained.



p o | EFFLUENT COLLECTION AND DILU T1ION SERIES

In this study kraft (Chapter 3) and textile mill (Chapter 4) effluents were chosen as
test effluents, as they are saline and contribute to the salinity problem in receiving
waters. In South Africa, salinisation is seen as a scrious threat facing public water use,
and is a pressing water quality problem (DWA, 1986: DWAF, 1997bh). Neither the
kraft or textile mill ¢ffluents used in this study are discharged directly into a niver,
instead the effluents are used for irrigating Kikuyu pastures. The effluents do however
enter the river via overflow run-off and/or groundwater seepage. Neither eftfluemt

undergoes secondary treatment before irmgation.

Grab efMuent samples were used during this study as short-term acute toxicity tests
were to be conducted and this method is considered suitable for effluent varying litle
in composition through time (US EPA, 1992; Burton er al., 1996). Preliminary
chemical analyses of the textile effluent by IWQS suggested little vanation in
composition (Tables 4.2). Grab effluent samples were also more practical to collect,
particularly for the kraft effluent. Effluent test samples were collected and transported
in clean plastic containers to avoid sample contamination. Containers were filled and
closed tightly to minimise aeration during transportation, which could result in the
loss of volatile chemicals in the effluent and a possible under-estimation of effluent
toxicity (APHA, 1992 US EPA, 1992). Preservatives were not added to the samples
(Slabbert ¢r al., 1998a). The effluent concentration series used in this study was
usually 1. 3, 10. 30 and 100%. This selection of concentrations follows that used by
the US EPA (1985a; 1989; 1993), which recommends a geometric dilution series; that
15, exposing animals 0 progressively increasing concentrations of a toxicant at a
particular dilution factor, to elicit a response. Fifty and 75% effluent concentrations
were added in some cases to increase the range of concentrations. The range of
concentrations was also modified based on the results of the previous experiments,
Effluent was coarse-filtered through a sieve (US EPA, 1993) 10 remove any large

floating particles or suspended solids that may clog the filter.



I TEST ORGANISM COLLECTION

All test organisms were collected in fast flowing riffle habitats, from the same arca of
the selected rivers. Organisms of the same species but from different sources may
have different sensitivities to the same toxicant (Weber, 1981). thus increasing the
variability of test results (Rand, 1995). Collection was carried out from the end of the
riffle moving upwards through the sampling site, to prevent disturbing the site. Test
organisms were collected by either picking individuals (7ricoryvthus tinctus) off the
rocks with a soft paint-brush, as they cling tightly to the rocks, or in the case of
Baetidae, by rinsing rocks into a jug of river water, as they casily let loose of their
hold on rocks. Test organisms could not be identified to species levels during
collection, and were identified at the termination of the toxicity experiments. The
Tricorythidae comprised a single species, Tricorythus tinctus, but the Bactudae were o
species complex, dominated by Baetis harrisoni and Afroptilum parvem. This was a
disadvantage as different species from one family may exhibit different sensitivities to
the same toxicant (Hockstra, 1991; Rand er al., 1995). often resulting in a non-

monotonic concentration-response relationship for the family.

Only organisms that appeared healthy were used for the experiments. Care was taken
not 10 injure organisms during collection and transportation, so as 10 minimize
variation in responses related to handling. Organisms were kept in a cooler box with
acrated river water during collection and transportation. Ice packs were used to keep
the water temperature from rising, when necessary. Picces of sponge and leaves were
placed into the cooler box for organisms to cling onto. Once enough organisms were
collected, they were taken directly to the laboratory for sorting. Details regarding
sorting organisms can be found in Chapters 3 and 4. Baetids were identified to species
level at the end of cach experiment; a percentage frequency table is presented in
Chapter 4 for the Baetidae.

Organisms of similar size (those within a size range of 50% of one another (Coler and
Rockwood, 1989)), age group and life stage were used for testing (APHA, 1992).
Animals were carefully observed for signs of distress, physical damage or immobility.
If any of these signs were identified, the organism was not used as it was pre-stressed

(Coler and Rockwood, 1989). The test ammals were not fed during the experiments to
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reduce the variability due to nutritional and metabolic status (Parrish, 1985). APHA
(1992) states that animals should not be fed during 96 hour short-term tests, and this is

usually the no-feeding limit for macro-invertebrates (Buikema and Voshell, 1993),

2.4 LABORATORY DESIGN

Toxicity tests were conducted under semi-controlled laboratory conditions at the
Rivers Research laboratory in Skukuza (Kruger National Park, Mpumalanga) for the
kraft effluent, and the Zwelitsha Scientific Services laboratory in the Eastern Cape for
the texule effluent. Temperature control is critical during toxicity experiments, as
aquatic insect larvae are sensitive to high temperatures and the rate of emergence
increases. Higher temperatures therefore increase the metabolic rate of the organism,
facilitating more rapid toxicant degradation (Buikema and Benfield. 1978).
Laboratory temperatures were controlled with the use of air-conditioners to around
20°C (see Chapters 3 and 4 for more detail). Light is also a significant vanable
affecting an organism’s sensitivity to toxicants (Buikema and Voshell, 1993).
Lighting was maintained at a 12:12 hour light:dark cycle using OSRAM biolux tubes
providing a spectrum of wavelengths similar to sunlight (DWAF, 2000).

2.5 EXPERIMENTAL DESIGN

There are two common experimental designs used in toxicity testing, i.e. Analysis of
Variance (ANOVA) and regression approaches. An ANOVA approach uses
replication, and accounts for vanability in a population’s response 0 a toxicant
(Stephan and Rogers, 1985: APHA, 1992; Ellersieck and La Point, 1995). If the
response around the concentration-response curve is not monotonic, the ANOVA can
incorporate this vanability as the method compares the means of the different
replicates. However, each concentration must have at least two or more replicates
(APHA, 1992), and must be independent of cach other.

Acute toxicity tests are generally based on an unreplicated regression design, where
groups of test organisms are exposed to progressively increasing concentrations of a

toxicant, in this case effluent (Gelber er al., 1985). Regression design is used to



estimate cause-and-effect type relationships, meaning that it estimates the relationship
between the toxicant and test organism. In this study, most experiments were
conducted using a regression design with one channel at each effluent concentration,
and a control. A wide range of dilutions was mostly used as they had greater value
than few replicated dilutions. The strength of the statistical estimate of the median
lethal concentration (LCS0), increases with an increased number of dilutions
(Guckert, 1993). This produces a toxicity curve that describes the concentration-

response relationship between the toxicant and the test organism.

Irrigated effluents influence river water quality via the groundwater. At the
Mpumalanga mill site, groundwater surfaces as a spring between the irrigated fields
and the river. Test organisms were exposed 1o duplicate mixtures of river water and

groundwater (Chapter 3).

The overall experimental design consisted of testing Ephemeropteran may fly nyvmphs
for 96 hours 10 a number of progressively increasing effluent concentrations plus a
control, in recirculating channels. All toxicity tests included a control 1o ensure that
the effects observed are associated with, or attributed to exposure to the test media,
Controls also provide a baseline and a point of correction for interpreting the results
(Rand er al., 1995). They are therefore used to determine the effects related 1o the
health of the organisms and the quality of the dilution water.

2.6 DILUTION MEDIUM

River water was preferred as the dilution medium, as the purpose of the tests was o
determine the sensitivity of indigenous site-specific organisms to selected effluents
(Buikema er al., 1982; Guckert, 1993). According to Cooncy (1995), if the objective
of the study is 10 estimate the toxicity of test substance such as effluents, then the
water sample should be representative of the receiving water. The interactions
between the water and the toxicant are therefore incorporated into the end-point, and

the relative toxicity of the toxicant is determined.

River water also contains detritus from which the organisms can feed durning the

experiment, and provides organisms with the necessary concentrations of nutrients,
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minerals and suspended solids (Guckert, 1993). However, clearing the output end of
the channels with a fine brush, as well as washing pump intake sponges, reduced the
accumulation of debris and facces in the channel systems used during this study and
aided water flow around the streams. The use of very turbid water was avoided as it
forms deposits and clogs the system. As the quality of dilution water can affect the
toxicity of test effluents by altering the bioavailability of toxicants to the organism
(Grothe er al.. 1996), test water was collected from the Buffalo and Sabie Rivers from

ummpacted flowing water arcas.

2.7 EXPERIVENTALSYSTEMS: RECIRCULATING ARTIFICIAL STREAMS

Artificial stream systems have been developed for toxicity testing to provide
controlled flowing water environments, where riverine organisms from local rivers
can be subjected experimentally 1o changes in water quality (McCahon and Pascoe,
1990 Guckett, 1993; Palmer er al.. 1996). Antificial streams have theretore been
widely used to simulate natural conditions, and as models of stream ccosystems to
investigate a wide range of organisms, populations, community and ccosystem
characteristics and functions (Shriner and Gregory, 1984; Kosinski, 1989; Lamberti
and Steinman. 1993). One of the advantages of using artificial streams is that they can
be replicated, are easier 0 manipulate than natural systems (Kosinski, 1989). They
represent unique properties of flowing water systems not present and evaluated in
lentic systems (Graney ef al.. 1995). An additional advantage of using artificial
streams rather than an in sitie stream is the prevention of harm to the environment via

wastewater production

In this study, experimental flowing water systems were used, as test organisms are
riffle-dwelling mayflies that are in constant contact with flowing water. The streams
used were recirculating systems, requiring smaller quantities of river water (1.¢
dilution medium) 1o be transported to the laboratory, and generating smaller volumes
of wastewater. Recirculation also ensured good oxygenation of the water.  Williams
(1996) first designed a flow-through version of the experimental stream systems used
in this study, during her research on the responses of macroinvertebrate communities

and species to chlorinated sewage effluents.



Each artificial stream, referred to in this study as a channel (Figure 2.1), was made of
Im long, 0.14m wide and 0.08m deep white polyvinylchlonde (PVC) round-bottomed
guttering, which is non-absorbent and highly resistant to chemicals. This ensured that
the water quality was unaffected by the matenals (Shriner and Gregory, 1984). A
short channel length was preferred as it promotes rapid and homogenous mixing of
the whole effluent and dilution medium down the channel. If toxicant pulses pass
through a long large stream, the toxicant concentration may be reduced by the time it
reaches the other end (Brooks et al., 1996).

Mesh
= Kaoln stone

Tubning

Bucket

Figure 2.1 The artificial stream system, known as a channel, used during WET
testing (DWAF, 2000),

The top-end of the channel was closed, with a stop-end containing a 12mm diameter
hole through which 12mm diameter clear tubing was inserted. This tubing was
attached to a submersible water pump to convey water from the bucket (or sump) to
the channel. The “RENA Powerhead C20/C40" submersible water pump was placed
in a plastic bucket filled with dilution medium, and recirculated the water around the
system. At the other end of the channel, a screen (pore size 500 pm) allows water to
pass, while preventing organisms from being washed out of the stream into the

bucket. All joining parts of the channels were sealed with silicone glue to prevent
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leaking. Four kaolin stones were placed in cach stream as substrate. so that the
organisms were not swept away by the water current. A small strip of gauze was also

placed in each channel to serve as substrate.

A current was therefore maintained, thereby allowing orgamisms to imigate their gills,
his is particularly important for riffle-dwelling organisms. since a lack of flow of
water causes decreased oxygen availability to the organisms (Lowell e al.. 1995), and
therefore stresses the orgamisms. This supports the recommendation that short-term

toxicity tests with lotic organisms should be conducted under conditions of flow,
28  EXPERIMENTAL PROCEDL RE

Before the start of the experiment., channels were checked for leaks, washed with tap
water. acid washed with 3% hydrochlone acid solution, rinsed thoroughly twice with
tap water, and allowed to dry. Pumps were also checked. Laboratory temperatures
were controlled and stabilized before the start of the experiments and were checked
daily. In the laboratory. about 15 litres of river water was poured into cach 25 litres
bucket and allowed to recirculate. The orgamisms were scooped with a jug from the
cooler box and transferred on to a white tray, so as to be casily visible for sorting.
Using a paintbrush or modified large-bore pasteur pipette, animals were transferred
into channels after first being checked for missing limbs. Thirty 10 forty five
organisms were used per channel (see Chapters 3 and 4 for details) to prevent over-
crowding and to prevent conditions that may induce stress (APHA, 1992). Animals
that were of similar size and life stage were used, as far as practically possible
(APHA, 1992).

Organisms were allowed to acclimate to the laboratory conditions (Parrish, 1985;
APHA, 1992), tor 36 hours betore effluent dilutions were added. Acclimation
minimizes the probability that the measured responses will be due to factors other
than the treatment. Mortality during acclimation should not be more than 10%
(Butkema er a/ . 1982: Parnish, 1985; APHA, 1992). If mortality is greater than 109,
the experiment should be repeated. In this study, acclimation montalitics were always
well within the recommended limit. After the acclimation period, all dead organisms

and exuviae were removed from each channel using a pasteur pipette. To minimize
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and exuviae were removed from ecach channel using a pasteur pipette. To minimize
handling of organisms, no attempt was made to try and standardize the number of

organisms in the channels.

EfMuent concentrations were prepared starting from the lowest percentage effluent
concentration. The test channels were placed randomly around the laboratory in an
attempt to evenly distribute the variability within the testing environment (Hurlbert,
1984: APHA. 1992; Burton Jr. er afl . 1996).

The test criterion was mortality, which was defined as immobility of the orgamism and
lack of movement upon touching (Rand and Petrocelli. 1985, APHA, 1992). Afier the
first hour each channel was checked and dead organisms were removed. counted.
stored in 80% alcohol and labelled. During this process, the stream was left running to
maintain constant flow. Torchlight was used to look for dead organisms in some
cascs, because of the dark colour of the effluent. Parameters such as electrical
conductivity (EC), pH and temperature were also checked after the first hour. and
daily thereafter. The values taken at the beginning of the experiment served as a guide
to monitor any signficant deviation in parameters as the experiment progressed.
Mortalities were checked again after 3 and 5 hours of the first day. Screens were
cleared with a fine brush to prevent clogging and pump intake sponges were also
washed twice daily to reduce the accumulation of debris and facces in the channels.
After the first day monalities were recorded twice daily. At the end of the test period,
mortalitics were recorded and all surviving animals were counted and preserved in
80% alcohol. The total experimental population comprised the total dead during the
test, together with the total alive after 96 hours. Although moulting, which is the
shedding of nymphal skin, is believed to be an environmental response and may be a
sensitive indicator of stress in organisms (Diamond er al . 1992), analysis of moulting
was not undertaken. Exuvae were removed from the channels, and nymphs that had
emerged and were found floating in the streams, were excluded when counting

mortalities and calculating starting numbers.

The temperature, EC and pll of the channels were monitored daily. The temperature

difference between the channels due to their positioning and uneven air circulation



Amel digital conductivity meter (model 160, graphite electrode model 193) was used
for EC mecasurements: pH readings were taken using a Checkmate CCA475627 kit
(kraft effluent) or a Knicks climatic pH meter (textile effluent). Dissolved oxygen
(DO) levels were not measured during the experiments as recirculation maintains
consistently high DO concentrations (DWAF, 2000).

Any water loss due to evaporation and splashing was not replaced. as replacement
would change the nominal concentration of the test solution. Modifying channel
systems to reduce splash reduced water loss. When the experiment was completed.
test solutions were diluted and discarded onto open grasslands (textile effluent) or
open sandy areas (kraft effluent). Waste was not disposed into the sewer system. due
10 possible damage 1o the biological functioning of the system. All equipment was
thoroughly washed with running tap water. A 5% HCI solution (APHA, 1992) was
run through each stream, and then replaced with tap water for thorough rinsing.

To check if holding time was a factor in effluent toxicity, a sample of whole effluent
was taken on the first day of the experiment, preserved using mercuric chloride
(HgCly), and sent to IWQS for chemical analysis. Another sample from the same
batch was allowed to stand in a tight-fitting container for 96 hours. thercafter
preserved and also sent for analysis. Both samples were tested for the same
parameters to see if there had been a change in the composition of effluent over the

expenmental period.

Water samples were taken from each channel at the beginning and end of cach
experiment, preserved with HgCly, and sent to the IWQS for full chemical analysis.
IWQS has an accredited scientific laboratory. When the organisms in a channel
reached 100% response during the course of the experiment. a water sample was
immediately taken for chemical analysis. Methods of analyses are described in the
DWAF Analytical Methods Manual (DWAF, 1992).
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2.9  DATA PROCESSING

2.9.1 Statistical analysis of mortality data

Statistics are generally used 10 estimate the concentration of a toxicamt that is
sufficient to cause an effect. Several methods for the estimation of the LCS0 and the
associated confidence intervals are available. Parametric methods, ¢ g. Probit analysis,
describe the concentration-response curve and therefore provide information such as
the slope and effective concentration values from 1 to 99% response of the test
population. Non-parametric methods, e.g. Spearman-Karber, are used when monality
distributions are not normal (Cooney, 1995). Both methods were used during this
study.

Probut analysis

Probit analysis is a parametric statistical procedure for estimating the LCS0 or ECS0
values and the associated 95% confidence limits (Finney, 1971). It transforms
concentration-response  data to a known functional form before the [LCS0 s
determined (APHA, 1992). Probit can only be used when at least two partial kills are
present in the data set. The program for US EPA Probit calculations (Version 1.4) was
used and follows the method described by Finney (1971).

A Chi-square (7”) test can be used to determine the adequacy of the Probit analvsis
model to the mortality data (Fowler and Cohen, 1993). The statistical significance of
the chi-square heterogencity can be read off chi-square distribution tables (df — n-2
where 7 1s the number of concentrations used). If the chi-square value is very small. it
indicates that there are insignificant differences between observed values and
expected values. It also indicates that the model is appropriate and the LCS0 may be
calculated from the data (Buikema er al, 1982). A large or significant chi-square
value may indicate large random or systematic deviations of the observed values from

the log-probit model (Buikema er al., 1982).
Spearman-Karber and Trimmed Spearman-Karber

Spearman-Karber and Trimmed Spearman-Karber (TSK) methods are non-parametric
procedures, which estimate the LCS0 or ECS0 and the associated 95% confidence
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limits. These methods require only symmetry of the tolerance distribution around the
LCS0 (Hamilton er al, 1977, APHA, 1992). Use of Spearman-Karber is
recommended when partial mortality occurs, and the data do not fit the Probit model
(US EPA. 1993). The disadvantage of using the Spearman-Karber method is that the
test data must cover the range from 0 10 100% mortality (APHA. 1992). When
monotonicity, i.¢. response proportions consistently increasing with increasing
concentrations, is not maintained. the TSK method smooths the data by averaging the
points that define the line. The TSK method is a modification of the Spearman-Karber
method, and is appropniate when the requirements for the Probit and Spearman-
Karber methods are not met (US EPA, 1993). TSK eliminates the necessity for
covering 0 and 100% response by trimming ofl the extreme values. The procedure
theretore relies on the toxicity responses plotted along the linear portion of the
concentration-response  curve (Rand, 1995). In ghis study, LOCSO values were
determined for both kraft and textile effluents using TSK and Probit methods of
analysis. In cases where less than 50% of the population was affected in the highest

elfluent concentrations, an LCS0 value could not be caleulated.
2.9.2 Graphical presentation of mortality data

Concentration-response curves and cumulative mortalily curves

Raw data from an acute toxicity test are plotted as the proportion of monality versus
the exposure concentration at different observation times. This s known as a
concentration-response curve, and usually shows that percentage mortality increases
and then levels out as the toxicant concentration increases (Rand, 1993). The slope of
the concentration-response curve indicates the sensitivity range of the organisms to
the toxicant. The steeper the slope the sharper the threshold of effect, therefore the
more intense the response over a narrow range ol concentrations (Rand and Petrocelly,
1985). Log increases in toxicant concentration have been found to vield equivalent
increases in response, but this function s toxicant dependent (Buikema er af . 1982,
Buikema and Voshell. 1993). When the concentration axis is plotted on a log scale,
the idealized concentration-response curve is also a sigmoid curve, describing the
tolerance levels of individuals in the population. When concentration-response data
are transformed to a Probit scale. the concentration-response curve becomes a straight

line (Buikema ¢ af.. 1982: Rand. 1995). Cumulative mortality curves show
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percentages of cumulative mortality plotted against time periods of the test at each

effluent concentration.

2.9.3  Analysis and presentation of water quality data
Pollutants are normally presented to the test organism in a dilution medium, so both
the pollutant and test organism are subject to the influence of the various aspects of
the dilution-water chemistry. 1t is therefore critical to monitor general water guality
conditions throughout a toxicity test as water quality can affect the chemical
speciation of the toxicant and hence its bioavailability to the organisms (Pascoe and
Edwards, 1989).

Ranges of physico-chemical constituents and nutrient concentrations were recorded
and compared to water quality guidelines for ecosystem protection (see Chapters 3
and 4). Chemical analysis was conducted by the IWQS using standard methods
(DWAF Analytical Methods Manual, 1992).

2.9.4 Hazard assessment

Toxicity test results have been used in this study to describe site-specific hazard-based
guidelines for the effluents tested, which could be used in Ecological Risk
Assessments (ERA). This approach, detailed in Palmer and Scherman (in press),
should be considered preliminary. ERA and the toxicity-based hazard assessment are
new tools available in South Africa for the protection of water resources, and are used
10 support sustainable environmental management. The hazard-based guidelines
include the concept of “risk to the organisms”, and would be used in ERA after the
likelihood of exposure to the hazard is determined. Risk, defined as the likelihood that
adverse effects will result from exposure (SETAC, 1997). is a fundamental
component of DWAF's water resource protection policy (NWA, 1998), and is used in
determining effects of impacts on environmental ecosystems. Because of the
complexity of ecosystems, the concept of risk incorporates both the vanability and
uncertainty inherent to biological data (SETAC, 1997).

Palmer and Scherman (in press) have developed a method which relates toxicity test
data (which describes the hazard), to resource classification. This method was applied
to both kraft and textile mill WET test results. Each niver reach can be classified in a
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state of health ranging from natural (Class A), to highly modified with levels of water
resource-use such as water abstraction and effluent disposal (Class D). If resource-use
is causing ccosystem degradation beyond a sustainable level, the system may be
classified as a Class E or F. These classes are defined by the “present state™ condition
of water quality. quantity. instream habitat, riparian habitat and the biota (Palmer.
1999). The class-related definitions for water quality and biota are given in Table 2.1

tmoditied trom Palmer. 1999).

TABLE 2.1
WATER QUALITY AND BIOTIC CRITERIA WHICH MAY BE USED TO CLASSIFY
AQUATIC FCOSYSTEM CONDITION IN SOUTH AFRICA (FROM PALMER, 1999)

CClass A
Water quatiy Unmodified. Allow mimimal risk to sensitive species. Remain within the
target water quality range ( TWOR, sensu DWAF, 19961) for all constituents
No modification from reference conditions as defined by the rapad
Bioassessment procedure SASS (South African Scoring System)
(Chutter, 1994, 1998),

|

Class B

Water gualuy  Use Aquatic Ecosystems guideline values (DWAF, 19961) such as Chronic
Effect Value (CEV) and TWOR to set objectives that pose a slight risk 1o
intolerant ocganisms.

Biota May be slightly modified from reference conditions.  Especially intolerant biota
may be reduced in numbers or extent of distribution,

Class €

Water guality: Use Aquatic Ecosystems guideline values (DWAF, 19960 such as Acute
Effect Values (AEV), CEV, and TWQR 1o set objectives that allow moderate
risk only to intolerant biota.

Biota May be moderately modified from reference condition. Intolerant organisms

| may be absent from some locations. !

CClass D

- Warer gualiny Use Aquatic Ecosystem guideline values (AEV, CEV, TWQR) 10 set

‘ objectives that may result in high risk 1o intolerant biota ‘

Biova May be highly modified from reference conditions. Intolerant biota unlikely
' To be present ;

B - . )

When toxicity results were analvzed using the EPA Probit programme, 1.C1, LCS and
L.CS0 values, with their 95% confidence limits. were generated. Fach of these values
(or toxicity test end-points) can be associated with a particular hazard description
(Table 2.2: modified from Palmer and Scherman, in press). The toxicity test end-
points were then ranked according to the percentage response, and then related to the
resource classification system (Table 2.1; Palmer, 1999: Palmer and Scherman, in
press). Table 2.2 shows selected end-points and associated hazard assessment

descriptions (Palmer, 1999).
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 TABLE 22 |
EXAMPLES OF SELECTED TOXICITY END-POINTS AND
ASSOCIATED HAZARD DESCRIPTIONS. SIMILAR DESCRIPTIONS CAN
BE DERIVED FOR ANY LC VALUE OF THOSE LISTED HERE, THE
LCS0 IS THE MOST ACCURATE, AND THE LCS AND LC1 INDICATE
LOW HAZARD CONCENTRATIONS (PALMER, 1999)

- -

Tolerance end-point Hazard description

Below the low 95% confidence limit | Concentrations at which there is a 95% probability

for the L.C) that each nymph has <1% chance of morality

Below the low 95% confidence imit | Concentrations at which there is a 95% probabiliny

for the LCS that cach nymph has <5% chance of mortality |

LCI Best estimate of concentration where each nymph has ‘]
a 1% chance of mortality l

LCS Best estimate of concentration where each nymph has |
a 5% chance of mortality

LCS0

Best estimate of concentration where each nymph has
a 507 chance of mortality

The AEV were calculated in each case according to DWAF (1996f), except that 1.C|
values for a single test species were used instead of the mean LCS0 values of a wide
range of species, as recommended in DWAF (19961) and Roux ef al. (1996). Table
2.3 shows an example of how to calculate the acute effect value using whole effluent
acute toxicity results. LCI values were used to calculate the AEV values. Chronic

effect values were not calculated, as no chronic tests were conducted.

TABLE 2.3 n
EXAMPLE OF THE CALCULATION OF ACUTE EFFECTS VALUE (AEV) USING WHOLE
EFFLUENT TOXICITY TEST RESULTS FROM THE EXPOSURE OF THE MAYFLY 7.
TINCTUS TO GENERAL AND IRRIGATION KRAFT EFFLUENT

1. Acute Effects Value (AEV)

Calculate the Final Acute Value (FAV) ~ using the LC, for acute tests 4 Day exposure:
¢ Experiment | (GKE)

LCI = 3.8% effluent concentration

Step 2
2 Calculate the Acute Effects Value (AEV) where AEV = FAV2

LC1 - based AEV - 1.9% effluent concentration
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effluent, so that the percentage concentration of effluent with a particular chemical
profile could be related to the instream hazard to the ecosystem. The mill manager
could manage conservatively, as if it were the most toxic case in each instance. The
application of this method is dealt with in detail in Chapters 3 and 4.
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CHAPTER 3

EFFECTS OF KRAFT MILL EFFLUENTS ON NYMPHS
OF THE MAYFLY Tricorythus tinctus Kimmins, FROM
THE SABIE RIVER IN THE KRUGER NATIONAL PARK

RN | INTRODUCTION

3.1.1 General

Pulp and paper plants are among the most polluting industries worldwide (GOkcay and
Dilek, 1994). Pulp production from wood occurs at a rate of more than 10" tons per day
world-wide, and about 200m’ wastewater per ton of pulp is discharged (Leuenberger er
al.. 1985). The latest available data on global pulp production are not published. but
production is estimated at 171.5 million tons per year (SA Forest Owners Association,
pers. comm.). Although the industrial conversion of wood into fibre and paper occurs
primarily in the northern hemisphere (Owens, 1991), the pulp and paper industry is
significant in South Africa (Steffen er al., 1990), particularly in Mpumalanga (DWAF,
1997b). South Alncan production is 2.8 million tons per year, which is 1.63% of global
production (SA Forest Owners Association, pers. comm.). Mpumalanga is home to the
largest pulp and paper mill in South Africa, which uses the chemical process known as
the kraft process, and is unique in that effluents are not discharged into a sewer or river
system, but are imgated, and reach the river system via percolation through the ground

walter.

Aquatic toxicology in general (Rand 1995; Walker er al, 1996), and specifically whole
effluent toxicity (WET) testing (Grothe ¢f @l. 1996), are well established ficlds in the
developed countries of the world. but are relatively new in South Africa (Palmer ef al.,
1996; Goetsch and Palmer, 1997; Slabbert ¢r al., 1998a; Palmer and Scherman, in press).
In this chapter the use of WET testing 1o evaluate the response of an indigenous riverine

mayfly to different kraft mill effluents and to the receiving groundwater is reported.
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In order 10 place this study in the context of both the WET testing approach and
international trends in the management of pulp and paper effluents, this introductory
section begins with a general description of kraft effluent, and goes on to detail the steps
in the kraft process, with specific information about the Mpumalanga mill. A general
review of investigations into the cffects of pulp and paper cffluents on aquatic
environments follows. This highlights the northern hemisphere focus on the responses
of fish 1o pulp and paper effluents. This also includes information on the responses of

macro-invertebrates, algae and ecological processes.

312 Kralt efMuent

General characteristics

The pulp and paper industry worldwide is recognised as one of the largest users of water.
The volumes of water required for the kraft process results in considerable volumes of
a wastewater. The wastewater is high in organic and inorganic material, leading to high
Chemical Oxygen Demand (COD), Biological Oxygen Demand (BOD) and Total
Dissolved Solids (TDS) (Kovacs and Voss, 1992). High BOD is sustained, as there is
often insuflicient mitrogen to support degradation. Ammonia and BOD loads can be
reduced with biological treatment such as activated sludge processes (Bryant er af.,
1997). Waste discharge from kraft processing is typically coloured and contains high
concentrations of Suspended Solids (SS) (Serimgeour. 1989; Lagergren and Nystrom,
1991). The brown colour originates manly from lignin degradation during the bleaching
of pulp (GOkcay and Dilek. 1994). Colour in pulping effluents may reduce primary
production by restnicting hight penetration, and therefore photosynthesis and secondary
production by dimimshing visibility. This can subsequently result in decrcased feeding
ctficiency tor organisms (Nawar and Doma, 1989: Owens, 1991). Fine bark and silt are
the main cause of inereased suspended solids in kraft effluent, which also comtains toxic
substances such as soaps of resin acids and sodium salts of unsaturated fatty acids (Kelso
efal 1977 Walden and Howard, 1977; Senmgeour, 1989, Owens, 1991 Hakkari, 1992;
Zender, e af, 1994). These acids are relatively resistant 10 bio-degradation (Lagergren

and Nystrom. 1991). Kraft effluent also contans inorganic nutrients, which cause
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eutrophication, and may stimulate algal growth and microbial food supplies for
invertebrates, e.g. nitrogen in the form of nitrate/nitrite, ammonia, and phosphorus
(Lowell et al., 1995; Culp er al., 1996).

EfMuent produced at the end of the whole process consists mainly of debarking
wastewater, brownstock washing/screening water, sewered condensate and bleach plamt
filtrates (Servos. 1996). At the Mpumalanga mill there is no debarking effluent. and black
liquor can only reach wastewater through leaks and accidental spills. The final product
of the krafl process, bleached kraft mill effluent (BKME), is very acidic due 1o the
reaction products during the bleaching process. This effluent is toxic and contains high
amounts of organic matter (Nakamura ef /., 1997). To meet regulatory requirements
and/or to facilitate biological treatment of mill effluent, effluent can be neutralized,
usually with calcium carbonate (CaCO,) (Blackwell er ai., 1989). Bleaching liquors are
usually high in chloride content, which can cause problems for sensitive downstream
users. An example is the irrigated tobacco fields downstream of the Mpumalanga mill.
which has very stringent chloride requirements (DWAF 1996d). Organochlorines are
released during the bleaching process when chlorine agents are used to remove residual
lignin (Kelso er al., 1977: Owens, 1991). These compounds have the potential to induce
long-term chronic toxicity to the environment at low sub-lethal concentrations ( Axegard
and Renberg, 1989 cited by Yetis er a@l., 1997).

The BKME is characterised by an unpleasant odour that is generated during the pulping
process. Sulphur compounds have been identified in BKME, and these could cause the
intense odour that persists in receiving waters (Brownlee et al , 1995). The odour is due
mainly to the reduced sulphur gases, i.¢. hydrogen sulphide. methyl mercaptan, dimethy |
sulphide and dimethy! trisulphide (the most noxious) which may be reduced o dimethyl
disulphide (Brownlee ¢f al., 1995).

The manufacturing process

The production sequence for bleached pulp, newspaper and kraft linerboard is shown in
Figure 3.1. It includes the following processes (SAPPI information leaflet):
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Figure 3.1 A flow chart of the pulp manufacturing process. including a common
debarking stage (Step 1), followed by Kraft pulping (Step 2) and
bleaching (Step 3): or a Groundwood process (Step 4) which leads to the
Newsprint process (Step 5),



e Kraft pulping process.

e the groundwood processing; and

e newsprint processing.

In the first common step, logs are fed into a debarker for bark removal (Step 1. Figure
3.1). Debarked logs are conveyed to a chipper for kraft pulping process and 10 a sawmill
for the groundwood process.

ulping €SS

| Chemical Pulping (Step 2, Figure 3.1)
In the chipper, debarked logs are reduced to wood chips. These are conveyed 1o a chip
bin, which feeds a pressunized steaming vessel. The steam, making the wood permeable
to the cooling liquor, replaces air within the wood. Steamed chips are impregmented with
cooling liquor. The chips are then cooked under pressure with white liquor (1.e. sodium
hydroxide (NaOH) and sodium sulphide (NaS) solution). The lignin in the wood is
dissolved, causing wood fibres to separate. These fibres are washed with water. Weak
black liquor is produced. The crude pulp is screened and then sent to the bleaching plant.

Chemical pulping includes also a chemical recovery process, where black liquor from the
digesters is sent to the evaporators, producing strong black hiquor. From the evaporators,
the condensate is taken 1o a recovery furnace where a smelt is formed from the chemicals.
The smelt is dissolved to produce green liquor containing mainly NaS and CaCO,. The
green liquor is treated with lime and in the process white liquor is produced. The white
liquor is then sent back to the digesters.

= The Bleaching Process (Step 3. Figure 3.1)
The bleaching process is applied to the cooked pulp to remove any residual hignin, in
order to brighten the finished product. This process occurs in stages. The unbleached pulp
is sent to a three-stage diffusion washer where water moves counter-current 1o the pulp.

The washed pulp is sent to a bleaching plant, which may use chlorine dioxide and’or

0zone,
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1) Chlorine Dioxide Plant

Chlorine dioxide and chlorine gas are added to the pulp before the bleaching stage.
Thereafter it is washed with alkaline wash water to take the pH from 2.8 to 10-11. The
wash water from this washing stage is sent to the effluent plant. HCI and NaOH are then
used 1o adjust the pH 1o 4.2, Chlornine dioxide is again added to the pulp. The pulp is
again washed and sent for storage where butrol and a chlorine scavenger are added. All
the wash water is sent to the effluent plant.

1) Ozone Plam

It ozone bleaching is followed, sulphuric acid is added in the storage tank to bring the pll
down to about 3.2, From the tank the acidic pulp 1s sent to the ozone plant. The pulp is
discharged into the Ozone Reactor for total ozone exposure. The mixed pulp is then
washed with water, and wash water is extracted as effluent. The bleached pulp is then

passed on for dryving.

Groundwood process (Step 4. Figure 3.1)

From the sawmill the logs are ground and reduced to pulp. Pulp is washed, impuritics
removed and thickened. EDTA is then added to prevent discolouration formed by the
presence of heavy metal ions in the wood. Excess water is drained away as wastewater,

Part of this pulp 15 used in the manufacture of newsprint.

Newsprint process (Step 5. Figure 3.1)

Ihe pulp from groundwood is blended with a portion of semi-bleached kraft pulp and
waste paper from the newsprint machine. Water is added to create a 1% consistency as
stock for the machine. The diluted pulp is then drained. The wet sheet of pulp then passes
through presses to squeeze out the remaining water. Finally. a web of paper is formed and
it undergoes vanous finshing steps to produce the desired paper.

3.1.3  Effects of pulp and paper effluents on aquatic environments
The cffects of pulp and paper effluents on aquatic environments have received
considerable rescarch attention in the past decade (reviews by Sodergren er al ., 1989;

1992: Servos e @l.. 1996). Towards the end of the 1980s Swedish scientists drew
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attention to deleterious environmental effects associated with the discharge of BKME.
They cited the effects on fish which included changes in growth, maturation. mortality
and recruitment leading to population shifis, as well as metabolic effects (Sodergren er
al.. 1989; Swanson, 1996). Smith and Sprague (1992) queried whether these same effects
were apparent in North America. However, by 1996, Servos ef al. (1996) could preface
their substantial review of the environmental fate and effect of pulp and paper effluents.
with the statement that the same Kinds of effects had been associated with North
Amernican paper mills (Mc Master ef @/, 1991; Hodson er al., 1992: Munkittrick er /.,
1992). A consideration of intemational approaches led to the following three questions.
which underly the aims and approaches of this study:

e  Why are pulp and paper effluents toxic?

e  What are the environmental and biological effects that have been recorded?

e  What arc the end-points, which have been used to detect these eftects?

Why are pulp and paper effluents toxic?

Once it was accepted that pulp and paper ceffluents had negative environmental
consequences (Munkittrick er al., 1992), organochlorines were the first components to
be investigated as toxicants (Hakkan, 1992; Smith and Sprague, 1992; Sodergren, 1996).
However. Smith and Sprague (1992). strongly supported by Robinson er al. (1994),
found the organochlorines were not primarily responsible for toxicity to the aguatic
environment. Although a considerable body of evidence confirmed this view (Sodergren
er al.. 1989; Kovacs er al., 1993. Ahtianen er al., 1996), there is evidence that
unbleached, untreated effluents have environmental impacts (Smith and Sprague, 1992;
Eklund er al.. 1996: Verta et al., 1996). Fatty acids, resin acids, and sterols are now being
implicated as the harmful constituents (Lagergren and Nystrom, 1991: Hakkari, 1992;
Axegiird er al.. 1993; La Fleur, 1996: Podemski and Culp, 1996; Stomberg ¢f al.. 1996).
Effluent toxicity 1s also attributed 10 wood species and age (Kovacs and Ross, 1992;
Venta er al., 1996). Leske (pers comm.) noted that effluent vanability is associated with
different types of trees. Excessive nutrient discharges could contribute to effluent toxicity
or perhaps increase seasonal algal blooms in the receiving waters (Lowell er al.. 1995,

Culp and Podemski, 1996a; Bryant ef al., 1997). However, “given the complexity and
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diversity of modern kraft mills and the transition state of the industry in response o

environmental concerns, it is impossible to completely predict the chemical composition

of effluents™ (La Fleur, 1996), and therefore it is very difficult to make causal links

between environmental responses and specific effluent components.

What are the environmental and hiological effects that have been recorded?

Many siudies have described the biological effects of exposure to pulp and paper

cffluents. Fxamples from the many investigations of fish (review by Sandstrom, 1996)

include:

studies conducted at Jackfish Bay which found that fish exposed to primary-treated
cffluent from a bleached kraft pulp mill showed an increased age to maturity, smaller
gonads, increased hepatic mixed-function oxygenase (MFO) activity. reduced
fecundity with age in females and a reduction in male secondary sex charactenistics
(McMaster ef al 1991 Munkittrick er al., 1991, 1992, 1994, 1997: van der Heuvel
etal., 1994);

laboratory life-cycle tests using fathead minnows exposed to pulp mill effluents
which confirmed depression in sex steriod production, delay in sexual maturity,
reduction in ege production and changes in secondary sex characteristics (Robinson
eral., 1994);

tests showing elevated dioxin levels and changes in liver size, growth rate and
gonadal size in fish collected downstream of bleached kraft mill (Munkittrick and van
der Kraak, 1994);

a study of goldfish which showed that depressions in the production of reproductive
hormones occurred after exposure to effluent for as little as 4 days (McMaster er al..
1996).

studies conducted near a bleached kraft mill discharge on the Pigeon River which
found impacts such as decreased steroid hormone levels in sunfish (Adams e al..
1992);

studies by Hall er @/ (1991) and Soimasuo ef al. (1998) which found that exposure
to biologically treated bleached kraft effluent did not adversely affect growth and

production of rainbow trout; sccondary treatment of bleached kralt effluent
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substantially reduced the load of harmful constituents including fatty acids, resin
acids and chlorinated phenolic compounds, and

e a study showing that chlorinated phenolics, resin acids and fatty acids may have
inhibitory effects upon the growth and production of organisms exposed to effluents
(Podemski and Culp, 1996).

The small numbers of investigations of macroinvertebrates and ecosystems processes
indicated that pulp and paper effluents have been associated with increases in nutrients,
with consequent increases in algal growth and changes in the feeding and food-web
connections (Hall ¢r al., 1991: Lowell er al., 1995; Culp and Podemski, 1996a; Bryant
et al., 1997). However, high concentrations of particulate and organic debris have also
been shown o reduce light penctration, and therefore primary production. They also

cause changes in filter-feeding and scraping functional groups (Mayack and Waterhouse,
1983).

In addition to these ficld studies, there are many traditional toxicity tests where whole

organisms have been exposed to dilutions of BKME. In their recent review of the

laboratory responses of whole organisms exposed to pulp and paper effluents, Kovacs

and Megraw (1996) concluded:

e that they could find no general pattern relating new bleaching technologies to the
chronic toxicity of final mill effluents;

e that pulping could be a source of residual toxicity;

e that there was still imited predictive capacity regarding aquatic ecosystem responses,
and

e that the toxicological approach was a cost-cffective means of assessing effluent

quality.

What are the end-points. which have been used to detect these effects’
The end-points, which have been measured to assess the impacts of pulp and paper

effluents, include:

e lethal and sub-lethal responses after acute or chronic exposure in standard toxicity
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tests (Kovacs and Megraw, 1996),
e whole organism tests which include life-cycle, partial life-cycle and early life stage
assays (Sprague 1971 1988). and
e the increasing use of biochemical and physiological end-points (reviews by Hodson,
1996: Lehtinen, 1996; and individual studics in Servos er al., 1996)
Less common are those studies which investigate the subtle responses of functioning
ccosystems, with end-points such as changes in primary production (Lowell er @/, 1995;
Culp and Podemski. 1996b: Bryant er al., 1997) and feeding guilds (Mayack and
Waterhouse, 1983). Biomarkers such as species diversity, reproduction and growth have

been used as indicators of environmental impact (Smith and Sprague, 1992).

Since this Chapter will ultimately focus on the responses of a riverine mayfly to
concentrations of kraft mill efTfluent, and to groundwater samples, this consideration of
the intemational pulp and paper industry focused mainly on reported biotic responses o

kraft mill effluents.

14  Aims and approaches of the study
It has been daunting to approach the first toxicological study of the effects of kraft mill
effluent on indigenous riverine organisms in South Africa. South African kraft mill
technology is among the best in the world, with the option to use ozone rather than
chlonnation in bleaching (Steften er al.. 1990). In this study, Tricorythus tinctus from the
Sabie River was used, as their responses to reference toxicants are known. and
information is available on their tolerances to salts (Goetsch and Palmer, 1997; Palmer
and Scherman. in press), The test animals were also abundant in the Sabie River: the
avanlability of test organisms is crucial to toxicity testing using indigenous mayflies. The
Flands and Sabie Rivers are in the same bioregion, i.e. the Lowveld. and are both
characterised by rapids, riffles and marginal vegetation (Eekhout ef af.. 1996). Chemical
analysis has also shown the water quality to be similar (Table 3.3). The Sabie River was

therefore considered a suitable collecting site for test organisms.
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This study aims to investigate the potential effects of kraft effluent on the indigenous
niverine mayfly. Tricorvthus tinctus Kimmins, from the Sabie River. It also reports on the
relative toxicity of General and Imigation Kraft Effluents (GKE and IKE) and
groundwater surfacing as a spring downstream of the Mpumalanga kraft mill. The study
also aims 1o provide a set of hazard-based guidelines, which relate effluent toxicity w0
river health. The effluent proved to be vaniable, so cach effluent batch was charactenzed
chemically, and specific percentage concentrations were related to a class of river health
(DWAF. 1999). These data would allow mill managers to relate specific effluemt
chemistry . at specific concentrations, to the likely hazard they pose to in-stream river
health. Since the kraft mull effluent s imgated. and only reaches the in-stream
environment via the groundwater, test organisms were exposed 10 groundwater over a
short-term chromic time period of twelve days. The study was conducted dunng two
experimental penods:

e In two successive winter periods. weekly acute (96 hrs exposure) WET tests were

conducted (1997, 1998). using GKE (1997 and 1998) and IKE (1998).

e One chronic (12 days) exposure to groundwater was conducted (1998)
3.2 PULPAND PAPERINDUSTRY INSOUTH AFRICA

2.1 General
Timber growth, pulping and paper manufacture is predominantly a northem hemisphere
phenomenon, with North America and Northem Europe producing 98 %6 of the world's
paper. The global production of pulp and paper 1s about 440 million tons of which 4.8
million tons (approximately 1%5) is the South Alfrican production (Table 3.1). Pulp and
paper mills consume approximately 68.7% of timber produced. Pulp produces 76% (R6.9
billion) of total timber sales. The pulp and paper industry worldwide is recognized as the
largest user of industrial water, and in South Africa it is the major producer of industrial
wastewater (DWAF, 1996¢). In South Africa, this industry consumes approximately 130
000 MI of water per year (DWAF, 1996¢). Compared to international pulp and paper
industry standards, the South African pulp has much lower ratio of water per ton of

product.



TapLe 3.1
SOUTHAFRICAN TIMBER CONSUMPTION AND PRODUCTION IN RELATION TO GLOBAL
PRODUC TION: IMPORTS AND EXPORTS (1996/1997), (SA FOREST OWNERS ASSOCIATION,
PERS. COMML)
Pulp Paper & board Total
lr Dimber Consumption (million tons) 81 ! 81 162
| S A Production (million tons) 28 2 48 ﬁi
Global Production (million 1ons) 171.5 2686 4401 |
Pxports (R Billion) 1.9 (35.8%) 2.1(37.9%) $(71.7%) |
"-,‘--- e ———————— - e ——— —  — - ————— - e e et e e -
| Imports (R Billion) 014 (55%) 1.7(69.8%) 1.84 (75.3%) J

The South African pulp and paper industry dates back 1o 1920 when the Klipriver mill
near Johannesburg started recycling waste paper into wrapping paper (Steffen er al.

1990). The first fully integrated chemical pulp and paper operation was started in 1938
using wheat straw as the basic raw material. However, the straw process was
unsuccessiul and in 1948, the mill changed to pulping of wood (Steflen er al., 1990).
Since then, certain measures have been taken to reduce water use, and improve process
and operation efficiency. The purpose of this is to help reduce the amount of effluent
produced in the industry. Several methods of pulp production are employed in South
Africa. The main types are chemical pulping, thermo-mechanical and mechanical
pulping, of which the most extensively used in South Africa is a chemical process known
as the kraft process (Steffen e al.. 1990). There are about 21 mills in South Africa
ranging from small household tissue mills to the most modern integrated pulp and paper
mills (Steffen ¢ w/. 1990). In countries like Canada, USA, Sweden and Finland, mill
cffluent is discharged into the receiving environment. In South Africa, wastewater is
seldom disposed of dircetly 1o the river or sea with or without biological treatment. and

at least two mills irnigate their effluents onto pastures.

The pulp and paper industry is a major contributor to the South African economy. Pulp

and paper is injecting about R7 000 million per annum into the gross national product.

st
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The industry produces approximately 5 x 10" tonnes of pulp and paper products (in the
form of newspaper. linerboard boxes, printing papers, tissues and package papers)
annually (SA Forest Owners Association, pers. comm.). The South African pulp and
paper industry imports approximately 70% of paper and 6% pulp, and exports
approximately 38% paper and 34% pulp (Table 3.1).

As with most industrial enterprises there are environmental costs. Pulp and paper
production impacts heavily on catchments. The arca of imber plantation in South Africa
is estimated at 1.5 million ha (57% pine, 35% cucalyptus and 8% wattle) covering 1.2%
of South Africa (Scott ef al., 1998). Timber growing places significant demands on the
available water resource, reducing mean annual flow stream by 3.2% and low flows by

7.8% (Scott er al., 1998), thus affecting the water balance of the affected catchments.

The type of wood used and the pulping process produces a complex effluent with
numerous compounds such as organochlorines from bleaching, some of which have been
found 10 be toxic (Owens, 1991). Organochlorine compounds such as polychlorinated
biphenyls (PCBs) have demonstrated environmental  persistence,  long-range
environmental transport, and either bioaccumulation from receiving waters or
biomagnification through the food web (Owens, 1991). When pulp and paper effluent is
discharged into the river, it introduces fibre and suspended solids, organics and nutrient
enrichment; it causes colour changes and increases turbidity of the receiving water. All
these parameters cause adverse environmental impacts. This problem seems avoidable
through the use of irrigation as the soil acts as a filter. However, chlorides remain a
residual problem as they pass through the soil and may increase chloride levels in

groundwater.



322 Case study: The Mpumalanga Kraft mill
The Mpumalanga mill is situated at the confluence of the Ngodwana and Elands Rivers
approximately 50 km from Nelspruit. Pine and eucalyptus are the two main trees used for
the production of pulp. Wood consumption averages 6000 tons daily. The mill water
usage 1s approximately 35 ML and production is about 27 Ml of combined effluents
daily. These effluents undergo primary treatment, and are then used to imgate 514

hectares of Kikuyu grass pastures.

The primary treatment consists of pH adjustment (using green liquor dregs generated in
the chemical recovery process), followed by sedimentation, to remove suspended
material. The efMluent plant has two holding dams with a total capacity of 37 M, one acts
as a storage dam for irngation and the other is kept empty at all times for emergencics.
The effluent contains contaminants such as lignin derivatives, chlondes, sodium and
sulphate. Sodium is readily adsorbed onto soil particles, while chloride ions pass through
the soil structure and into the Elands River via groundwater, which surfaces at three
Dolomite springs on the northern side of the irrigation ficlds. The mill produces two
types of effluent. namely. general and bleaching effluent. The general mill effluent
consists of effluent from the waste plant. kraft linerboard, newsprint, groundwood. and
pulp plants. This effluent is relatively low in TDS and chlorides, and is degradable. The
bleaching effluent consists of effluent from bleaching stages, the chlorine dioxide and

demineralization plants (SAPPI conf. doc.).

The general effluent is sent to a clarifier and the overflow is sent to an irrigation sump
and then pumped to irrigation dams. The bleaching effluent is sent to its own clarifier,
the overflow is sent to the irrigation sump and then pumped to the irmigation dams. The
underflow from both clarifiers is sent to a dewatering press where water is reeveled back
to the effluent sump. The treated effluent is then transferred into one of the two imgation

dams. Gypsum (CaS0,) is added to the effluent 1o balance the pH before it is irrigated.
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Groundwater (X-EYE)

Groundwater in the area between the irrigation fields and the receiving Elands River,
surfaces at several dolomitic “eyes™ or springs, making it more than usually accessible.
Mill records were scrutinized, and the X-EYE was selected as the source water for
tolerance testing since it showed the highest TDS and EC levels. Groundwater is one of
the routes for the movement ol chemical constituents from non-point sources 1o the
downstream receiving body. 1t is mainly groundwater from perched and deep aquifers
that transports dissolved constituents. Groundwater slowly accumulates the different jons
or salts that have been dissolved or leached out from the surrounding rocks. Therefore.,
it often has higher salinity and hardness compared with surface waters. The interaction

between water and rocks allows some 1ons to be taken up into solution.

During irrigation, some wastewater does percolate through the soil and downward
through cracks and lissures in the rock matenial (DWAF, 1995). Long-term accumulation
ol jons from wastewater and those dissolved in groundwater may lead to gradual
enrichment of the groundwater. If specific ion concentrations reach high levels, they can
lead 1o water quality problems and impact on different water users and the riverine biota
(DWAF, 1995). The chemistry of the groundwater is presented in Section 3.5.1.

Pollution of groundwater remains long after the contaminants have entered the
groundwater system. This is due to the slow movement of the pollutants through the
groundwater system. Diffuse, as opposed to point source pollution, is particularly
problematic as it can affect an entire aquifer and can go unnoticed for decades (DWAF,
1991). Since the kraft process effluents are irrigated, and reach the nver via the
groundwater, groundwater quality management is an important aspect of the mill’s
environmental management program. Because of downstream tobacco farming, DWAF
has imposed a limit of 20 mg/l for chlorides in the Elands/Crocodile River system

(SAPPI cont. doc).



33 STUDY SITE

The Mpumalanga mill chosen as the effluent supplier for this study is adjacent to the
Elands River, which is the receiving water environment that can be impacted by any
mishap from the mill (Figure 3.2). The Sabie River is where test water and test organisms
were collected from (Figure 3.3). The test organisms were abundant in the Sabie River
and the their availability s crucial to toxicity testing using indigenous may flies.

Chemical analvsis has also shown the water quality to be similar

3.3.1 Elands River

Description of Elands River

The Elands River is the major tributary of the Crocodile River and nises in a gently
sloping Highveld zone near the town of the Machadodorp. Further downstream. the pulp
and paper mill is situated at the confluence of the Ngodwana and Elands Rivers. The
section of the river from Waterval-Boven to Ngodwana is characterised by exceptional
rifflec and rapid habitats. The waterfall at Waterval-Boven is an outstanding
geomorphological feature of this river reach, and forms a natural barrier to the upstream
migration of fish. Trout farming is of economic and recreational importance to the people

of the Machadodorp area.

In 1989, a spill of kraft effluent took place in the Elands Rivers. A survey conducted two
days after the spill indicated that large fish mortalities had occurred downstream from the
confluence of Ngodwana and Elands Rivers, and up to the confluence of the Elands and
Crocodile Rivers. Virtually all fish in this segment were destroyved (Kleynhans ef af .
1992). A survey during 1991 indicated recolonization of the affected arca (James and
Barber, 1991). Fish populations downstream of the mill had not yet recovered two years
after the effMluent spill, but at a site immediately downstream the mill below the
confluence of the Elands and Ngodwana Rivers, species-rich populations and healthy fish
were present. Upstream of the mill, the fish fauna was found to be relatively diverse and

abundant.
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Vegetation

A narrow belt of near-forest occurs along the riverbanks. Acacia robusta, Albida,
Breonadia salicina and Euphorbia species were identified. Much of the natural
vegetation has been impacted by farm dams and bank erosion, and has been replaced by
exotic plantation (Engelbrecht and Deacon, 1998). However, the area just before the
confluence of the Crocodile River is characterised by mature riparian trees, and shrubs

in excellemt condntion.

Water guality

Water quality in the Elands River appears to be good, with all parameters low except for
phosphorus in the form of ortho-phosphate (Table 3.3). Downstream in the Elands River,
high electrical conductivity and chlorine concentrations are due to the presence of a paper
mill (Heath and Claassen, 1999). Kleynhans (1999) found the water quality and habitat
conditions of the segment of the Elands River that was impacted by the 1989 spill. o

have improved considerably since the spill.

3.3.2 Sabie River

Topography

The catchment covers about 709 600 ha. The river arises on the eastern escarpment and
flows through more than 74 000 ha of commercial forestry plantations (pine trees and
cucalyptus). It reaches its confluence with the Sand River some 125km to the east. inside
the western boundary of the Kruger National Park (KNP), passing through the south-
central sector of the southern part of the KNP (Weeks er al.., 1997).

The Sabie River comprises the main stem of the Sabie/Sand River System. with the Sand
and Marite Rivers acting as major tributaries. It remains one of the few South African
perennial, unregulated rivers and is the least impacted of the six rivers traversing the
KNP (Venter and Deacon, 1995; Weeks er al., 1997). It has a mean annual rainfall
(MAR) run-off of 762 mm; 91.2% of which originates in the castern escarpment and
foothill regions. which are the headwaters of the catchment. The flow varies seasonally
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Figure 3.2  Map of Elands River showing the Mpumalanga mill and DWAF water
quality site Geluk (X2HO011Q01).
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with summer peaks (February ) and low flows at the end of the season (October) (Weeks
et al.. 1997). The region is also subject to unpredictable tropical cyclones and drought.
Water temperatures vary with altitude and given the steep gradient of the system, there

are considerable changes from the Middleveld to the Lowveld regions.

Vegetation

The riparian strip 1s lined by pine and gum trees and surrounded by afforestation.
Vegetation bordenng the stream s predominately herbaceous. with grasses and trailing
roots predominating. In some arcas npanan trees dominate the banks, with reeds

occurring in open areas (Weeks er al. 1997).

Land use

I'he major water consumers of the Sabie River are irrigation farming and extensive
afforestation (mainly pine and cucalyptus). The rapidly growing population is placing an
increasing demand upon the river for domestic consumption and cattle farming. To meet
the demand, the DWAF have wdentified several potential sites for impoundment in the
Sabie/Sand system. Small miming enterprises also take place in the towns of Sabie and

Graskop.

Water quality

Water quality in the Sabie River is generally considered 1o be very good and is reflected
in the high biotic diversity which is charactenistic of the river (O'Keefle e al.. 1989).
Turbidity is low during low flows and occasionally increases during high flow spates
(Gore e al, 1992). Salinity values (EC) are relatively low, ranging from 4 10 37 mS'm
(O'Keeffe and Davies, 1991). pH is within the neutral range, but the water is poorly
bultered and is sensative 1o change. There is a trend of progressive increase in TDS down
the river. Total dissolved solids are mainly due 1o natural causes, with an increase in
sodium, chloride and sulphate and a comresponding decrease in calcium, magnesium and
total alkalinity (O"Keetle and Davies, 1991). Nutrients concentrations are generally low

except during drought periods (Weeks ef al., 1997).
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Figure 3.3  The sites in the Sabie River that were used during the study for the
collection of water (X3H0130Q01) and test organisms (X) respectively.
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34 MATERIALS ANL METHODS

The methods used are detailed in Chapter 2. and only those issues specific 1o the kraft

mill effluent experiments in the KNP are mentioned in this section.

3.4.1  Collection of test organisms and experimental medium
I tinctus 1s riffle-dwelling invertebrate species. and test organisms were collected from
the Sabic River about 3 km below the High Water Bndge (Figure 3.3). The collection site
is comprised of a cobble-riffle reach. Organisms were abundant on the underside of the
stones. I tnctus, like T discolor, 1s a filter feeder, with filtering setac on the mouthparts
(Palmer er al . 1993a, b). Itis indigenous to both Sabie and Elands Rivers, and generally

forms a considerable proportion of the communities (Kleynhans, 1999).

Sabie River water was collected from the weir outflow (DWAF water quality monitoring
point X3HO13Q01) (Figure 3.3) near Skukuza, on the day of the experiment. It was used
as the test diluent and as the control medium. A weir outflow was chosen because the

walter is always fast flowing, constantly acrated and relatively sediment-free.

The kraft eMuent and groundwater were collected as grab samples from the paper mill
in 23 litre plastic containers. The general effluent (GKE) was collected from one of the
five channels that direct effluent away from the factory to the clarifiers. The irrigation
efMuent (IKE) was collected from the outlet of the pipeline, as it is discharged into the
holding dam before it is irmigated. Irrigation effluent is the combined effluent from the
clarifiers. This effluent is treated with CaSO, 1o adjust the pH before being discharged
into the dams. The groundwater was collected as surfaced spring water from the site
termed X-EYLE. The effluent and groundwater were couriered from the paper mill o
Skukuza, and effluent was never kept for more than 24 hrs before being used in an

experiment (APHA, 1992).



3.4.2 Experimental approach

Laboratory design

Experiments were conducted in an artificial stream laboratory equipped by the Kruger
National Park Rivers Research Programme (KNPRP), at Skukuza, Mpumalanga
Laboratory temperature was maintained between 17°C and 22°C with the use of two air-
conditioners. Lighting was maintained at a 12:12 hour light:dark cvele with OSRAM
biolux tubes providing wavelength of light similar to that of sunlight (Palmer er al.. 1996;
DWAE, 2000).

Fxperimental stream systems and experimental procedure

Ihe channel systems used for toxicity tests, and the experimental procedures are
described in Chapter 2. After an acclimation period of 36 hours, the 96 hr acute toxicity
tests were conducted. using Sabie River water as the diluent and control water, kraft
cifluent as the toxicant, and 7° finctus as test organisms. Test organisms were exposed
in artificial stream channels, to increasing percentage kraft effluent concentrations in a
regression design (Table 3.2). One short<term (12 day) chromic experiment was
run.exposing test organisms to mixtures of surfaced groundwater collected from X-EYE
and Sabie River water. Since groundwater elicited a low chronic response neither Probit
nor Trimmed Spearman-Karber analyses could be undertaken and a simple percentage

response was recorded (Slabbert, pers comm. ).
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C TaBLE A2
PERCENTAGE CONCENTRATIONS OF KRAFTEFFLUENT LSED FOR ACUTE (9. HRS) AND
GROESDWATER MINTURES FOR CHRONIC ( 12 0AN) TOXICTEY TESTING WITH SABIE RIVER i
WATER AS DILUENT AND CONTROL. ‘

‘I»‘.rxpeﬁmﬂ number | Type of efMuent EfMuent concentration (92) éuri'ng date
1 0.5.1,2.3,4.5.10.30.50 06-08-1997
2 10,15,20.25.30,40,50 13-08-1997
3 G;':::‘" 1.3.10,30,40,50,75.100 20-08-1997 |
i 4 B EfMuent 1.3.10,30,40,50,75.100 27-08-1997
(GKF)
5 13.10,30.50,100 13-08-1998
6 1.3.10,30,50,100 20-08-1998
7 1,3.10.30,50.75, 100 I'.'-ﬂs-lwr
8 1T e 1,3.10,30,50,75,100 17-08-1998 |
9 "‘-('I"‘(";f’" 1.3,10,30,50,75,100 20-08-1998
10 1.3.10.30.50.75,100 20-08-1998
" R 10.25.50.100 29.07-1998
12 10.25.50,100 29.07-1998

Water quality analysis

1997

In the winter of 1997, four batches of GKE were used. The whole effluent was
chemically analysed by the I'WQS at the start and finish of the each experiment. Routine
daily measurements of pH, EC and temperature were taken in each experimental channel.
An Amel digital conductivity meter (model 160, graphite electrode model 193) was used
for EC measurements and a Checkmate CCA475627 kit for pH reading. Water samples
were taken at the start and finish of each experiment for nutrient analyses (ammonium.
nitrate, nitrite and phosphate) in the Skukuza laboratory, using a Merck Spectroquant 118
photometer. following Merck Manual Photometer SQ1 18 Methods.

1998
In the winter of 1998, two batches of GKE, and four batches of IKE were used. Since the
degree of effluent variability had become obvious in the previous year, samples were sent

from each channel for full analysis by IWQS at the start and finish of cach experiment.
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Therefore nutrient analysis was not undertaken in the Skukuza laboratory, and only

routine daily parameters (pH, EC, temperature) were measured.

Data analysts

The experiments were set up using a regression design with one channel at cach
concentration, plus a control. The Trnnmmed Spearman-Karber and EPA Probit methods
were used as deseribed in Chapter 2, 1o calculate the acute (96 hrs/dd) LCS0 values (with
upper and lower 95% confidence limits). Where the EPA Probit and the Trimmed
Spearman-Karber method gave similar results, the Probit result was used since this
method provided L.C1 and LCS values. The acute L.C1 values were calculated from 1997
and 1998 data. and were used to derive the Acute Effect Value (AEV) (Section 1.2.3).
The AEV, LCI, LCS and associated confidence limits were then used to apply the
hazard-based approach of Palmer and Scherman (in press), as described in Chapter 2
(Section 2.9.4). This approach links toxicity test results to river health classification
(DWAF, 1999a; Kleynhans, 1999).
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35 RESULLTS

In this study, attention was paid to the toxicity of two kraft effluents: (i) GKE and (1)
IKE. A total of ten acute (96 hours) toxicity tests were conducted on kraft effluent. Two
short-term chronic (12 day) tests were also performed with mayfly nymphs exposed to
groundwater. The Elands and Sabie River comparative water chemistry data are
presented. Chemical analysis of effluent was undertaken as it provides an indication of
effluent composition and vanability. Effluent samples were analyzed by the IWQS
(DWAF. 1992).

351 Chemical composition of Elands and Sabie River waters, kraft
cfMuent and groundwater

Tables 3.3 and 3.4 present ranges of selected physico-chemical constituents and nutnent

concentration analysis data profiles of Elands River and Sabie River water, kraft effluem

(GKE, IKE) and groundwater, respectively. Elands River data was taken from the DWAF

Tame 3l
PUNSICO-CHEMIC AL CONSTITUENTS AND NUTRIENT CONCENTRATIONS
(EXPRESSED IN MG/L) OF THE ELANDS RIVER (1998), AND THE SARIE RIVER
(1997 ANDI99B). VALUES GIVEN INDICATE THE RANGES FROM ALL WATER
SAMPLES COLLECTED. THE ELANDS RIVER DATA INDICATE RANGES FROM
DWAF SAMPLING STATION XZHOTTQOT (GELUK) (1998)
Parameter (mg/1) Elands River Sabie River
EC (mS'm) 10.3-15.3 130 158
DS 121.0-1270 901190
pil 79.82 79-80
TAL 71.0-86.0 59.0-64.0
Na’ 4060 60-70
K’ 06-15 09
SO/ 50120 4.0-10.0
Cl 4060 10,0
Mg’ 100-12.0 6.0-70
Ca* 50-120 90-100
NH, -N <0.04-0.09 <004-058
NO, *NO, -N <0.04-0.08 <0.04-02
PO, -P 0.01-008 <0005

64




(1998) database, for water samples collected from Geluk DWAF sampling site
(X2HO11QO01). Sabic River water was sampled during 1997 and 1998 toxicity testing
experiments. The GKE effluent data are for samples collected tfrom 1997 to 1998, and
IKE data from the 1998 samples. Groundwater data are for samples collected in 1998

from a dolomite spring. X-EYE, between the irmigated fields and the Elands River.

Tanie 34
COMPARATIVE PHYSICOCHEMIC AL CONSTITUENTIS OF KRAFT EFFLUENT (OENPRESSED IN MGL )
MPEMALANGA MILE SAMPEES COLTECTEDIN WINTER FROM: THE GENFRAL EFFLLENT STREAM-
GKE (1997 AND 1998), 1HE IRRIGATED EFFLUENT STREAMEIKE (1998), AND THE GROLSDWATER
EAMERGING FROM A DOLOMITE SPRING, XCEYE (1995) <BEIWEEN THE IRRIGATED FIELDS AND 1)
FLANDS RIVER, FOR ACT TR AND CHRONIC (12 DAY) TONICITY TESTING, DATA ARE PRESENTED AN ;
RANGES ANDWERE ANALYZED HY IWOS, »

- ——— -

| "‘";:_';"" General Effluent (GKE) | Irrigation EfMuent (IKE) | Groundwater (X -r.\'r.ﬁ
™ EC (mS'm) 1510 - 408 0 252.0- 3950 109.0-143.0 |
S | 11810-22860 1904.0 - 2536.0 82008370
L pH 69-83 6569 $3 |
[ SO, 2590 9740 4010 - 4650 158 0-166 0 1
AL “40-2220 04-14 008
r Cl B 150-79.0 630.0 - 897.0 256.0-264.0
Ca’ 48.0- 203.0 S80-61.0 70.0-76.0
& E 195 511 29-327 09-1.2
_Na 1640 - 11150 564.0 - 776.0 —_100.0-105.0
NH, N <004 010 0.1-02 008
NO, ‘NO, -N <004 010 “004-0.10 0511
PO, P 0.0 04-1.4 0.0
Meg" 120330 23.0-370 65.0-75.0
| Cr-soluble 0005 <0.005 0008
Cu-soluble <0.003 <0.005 <0.008 |
Fe-soluble 09 87 “0.005 l
Zn-soluble 01-08 0.1 “0.05
Al-soluble 02-46 1.2 “0.02 1
B-soluble 04-12 02 “0.008

As shown in Table 3.4, salts are a major component of the effluent, particularly sodium
and sulphate ions. TDS and EC are higher than in either river (Table 3.3) with sodium.
sulphate, chloride and calcium 1ons being the major contributory factors (SRK Inc. 19460
Dallas and Day. 1993) In some experiments, the pH of GKE was higher than 10.0
(alkaline). The IKE showed high levels of chloride (CI). sulphate (SO,™). and sodium
(Na’). The pH of irrigated effluent was lower than the GKE indicating the presence ol
bleaching effluent. This effluent is characterized by low pH due to acids used during the
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process. Except for dissolved Al and Zn, nutnients and trace metals were generally below

detectable levels.

3.5.2 Comparison of Probit and Trimmed Spearman-Karber (TSK) LCS0
values

Table 3.5 presents a comparison of Probit and TSK mortality data of the different kraft
experiments. In this study, most of the experiments yielded similar data, with overlapping
95% confidence limits. The groundwater results could not be analysed using Probit
analysis or TSK analysis, as the mortalities were 100 low. The Probit analysis was chosen
as it provided good estimates of the concentrations at which specific mortalities occurred
(1% (LC1), 5% (L.CS) and 50% (1.C50) (with their 95% confidence limits). For

Experiments 8 and 9. Probit analysis was not appropriate for the data.

Tams ds
LOSOVALUES AND OS% CONFIDENCE LIMITS, FOR T2 7180708, INKRAFT FFFLUENT, RESULTS ANALYSED | SING
THE PROBIT ANALYSIS PROGEAM VERSION L4 AND THE TRIMMED SPEARMAN-KARBER M tnon (Havu ros g r
AL, 1977), (LU LOWER CONFIDENCE LIMIT: UCLS UPPER CONFIDENCE LIMIT: 7 20 M1 SOUARE ).

{
d

Experi- Probit Trimmed Spearman-Karber
Type of
ment EfMuent | 1CS0 | 095% 9%e, - 1LCso | 9s% 95", “
number LWL | vew - LCL | UCL | Trim
| 19 16 24 7 20 16 bl | 0 *,
| 1 General 1
>
| 2 Keafl 30 2 EY) 4 30 2 3 2 I
1 Efflucnt ~
| 3 (GKE) 9 2 19 ° 14 10 1% 0
| 1997
—_——— 4
! 1 12 8 15 2 11 9 13 0
| General
. s e I8 32 43 1 * 30 42 o
—————] Effleem
| . -
(GKE)- ’
6 — ol 2 80 7 o8 52 87 28
' ? 2 2% 6 s 27 » 33 "
l -
s =y 29 25 i 0
EMuent PROBIT NOT APPROPRIATE
9 (IKE) 19 13 2% 12
199%
" 32 26 W 5 Ry 23 32 0
—
" _ TSK NOT APPROPRIATE .
""\‘."”“" PROBIT NOT APPROPRIATE
ater
12 88 7 1o a2

66



353 Toxicity test results and associated effluent chemistry
Experiments were analyzed individually, and are graphically presented as percentage
cumulative mortality and concentration-response curves (Figures 3.4 - 3.23). The daily
measurements of individual experiments monitored during the toxicity testing are also
presented in Tables 3.6 - 3.15. Full physico-chemical results for all the kraft experiments
are presented in Appendix A. Tables A1-A8. Appendix B lists all Probit and Trimmed
Spearman-Karber data.

Experiments conducted in 1997
Experiment | General Kraft Effluent (06-08-1997)

Description: GKE Exp |

Exposure of 7. rimctus 10 GKE for 96 hours was conducted at a range of cffluent
concentrations (1-50%). A 100% cffluent concentration was not included due 10
excessive foaming of the ¢ffluent. The responses to this batch of effluent are shown in
Figures 3.4 and 3.5. Full physico-chemical analysis is presented in Appendix A, Table
Al

Water guality
Ranges of values for daily measured variables and nutrient levels of GKE are shown in

Table 3.6. The 50% effluent concentration had only one reading. as test organisms died
within the first 3 hours.

This batch of effluent was characterized by a blue-black colour, and high levels of
turbidity due to a high concentration of Suspended Solids (SS). High SS reduce light
penctration, decrease primary production and food availability to organisms, and mayclog
filter-feeding setac (Dallas and Day, 1993). These could therefore be contributory factors
1o mortality. The temperature within each channel fluctuated between 16 and 18.5°C,
varying by about | to 2°C over the 96 hour test period. The pll in the channels was
stable. fluctuating by =lunit, and was within the recommended range, pH 6.5-9.0, for
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guidelines for the protection of aquatic ecosystems (DWAF, 1996f).

In effluent

concentrations above 5%. the nutnent levels showed an increase as effluent

TABLE 3.6

RANGES OF DAILY MEASUREMENTS PER CHASNNEL (EFFLUENT CONCENTRATION IN %6) DU RING
EXPERIMENT 1 * INDICATES THAT ONLY ONE READING WAS TAKEN AS 100% MORTALITY WAS
OBSERVED WETHIN THE FIRST 3 MRS (ND - Not Done)

Para- %% EMuent concentration
meter
| o
C (mg) | Control 0ns 1 2 3 4 5 0 30 &
i ) 1210
| e 10.4. 11.0- 133. 169 21.1- 200+ 28.9. 47 7- - 189
mSm) | 137 138 | 173 | 198 | 238 | 279 | B0 | 66 | o |
70- | 70- | 74- | 720- | 72- | 13- | 70- |
CTR T XN EART B A Bull I Al B v | wp
Temp. | y160. | 160- | 160- | 160- | 165- | 160- | 165- | 160- | 17.0- -
*C) 17.0 180 | 173 | 180 | 180 | 178 | 180 | 180 | 185
L | <o0a. ) 004 | <004 | <008 | <0.04 | 0.02- | 0.0s-
NHONT g0s | 0% | 001 | 002 | 004 | 005 | 006 | 000 | ©2 | NP
003- | 003 | 008 | 007- | 009- | 013- | 015 | 026
. { h ]
NO, 0.04 00s | 000 | o1 | o1 | 02 | 02 | 028 | ©% | NP
19- | 42- | so- | 62- | 9.- 28.0-
- - g s |
NOy | 0901 {20301 40 | 52 | sa | 69 | 107 ] 24| 616 | NP |
: ) <0.01- [ <001 [ <001 | 01- | 017- | 0.18 | 0.46- | 1.60- ]
PO, 00V | 902 | 02 | 00 |o01s] 02 | 02 |os2| 122 | NP

concentrations increased. Nitrate levels were much higher than 10 mg/l, which is the

nitrate General Effluent Standard for South African conditions (DWAF, 1991).

Total Dissolved Solids (TDS) fluctuated between 2286 and 2412 mg/l, and EC ranged

from 408-420 mS/m, almost 20 times that of the receiving water and the sampling site

(Appendix A, Table Al). Chloride levels were low and the range was 45-70 mg/l

Sodium concentrations recorded were also high at 1115 mg/l. and more than 100 times

that of the sampling site. The maximum sulphate level recorded was 1086 mg/l, which
1s about 100 times that of the sampling site (10 mg/l), but lower than the TWQR sct at
1 400 mg/1 (DWAF, 19961).



Toxicity results

Montality in the control channel was zero, indicating good quality of water and good
health of organisms. Effluent concentrations up 1o 4.0% were the similar to the control,
with zero mortality. Figure 3 4 showed only 50% effluent concentration reached 100%
mortality. The concentration-response curves (Figure 3.5) showed that at 50% effluent
concentration all of the organisms died in the first 12 hrs. The Probit LCS0 was
calculated at 1976 effluent concentration, with a narrow range of confidence limits ( Table
3.5). and a Chi-square heterogeneity of 7.5. Trimmed Spearman-Karber (TSK) analysis
was also conducted and the 1.CS0 was 20% effluent concentration, with confidence limits
similar to that of Probit. The percentage trim was zero, indicating the suitability of the
model.

Experiment 2 General Kraft Effluent (13-08-1997)

Description: GKE Exp 2

T tincius was exposed to GKE for 96 hours at a range of effluent concentrations (1-50%%),
Different effluent concentrations were chosen in this experiment, as Experiment |
showed little response to very low effluent concentrations. This batch of effluent was
quite different from the first batch of effluent. There was no foaming and the colour was
brownish. The responses to this effluent are shown in Figures 3.6 and 3.7. Full chemical

analysis is shown in Appendix A, Table Al.
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Figure 3.4  Experiment |: The percentage cumulative mortality of 7° tinctus over 96 hrs,
after exposure to General Kraft Effluent at a range of effluent concentrations.
The diluent was Sabie River water. The zero mortalities of concentrations in
the 0-5% range cannot be distinguished along the x-axis.
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Figure 3.5  Experiment 1: Concentration-response curve for T. tinctus exposed to General
Kraft Effluent at a range of effluent concentrations over various time periods
(12-96 hrs). The diluent was Sabie River water.
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Water quality

Table 3.7 presents the range of values for daily measured vanables and nutnent levels during

Experiment 2.

o ——

g TABLE 3.7 !
RANGES OF DAILY MEASURFMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %)
| DURING EXPERIMENT 2
Para- %% Effluent concentration
meter
 (mgh) | Control 10 15 20 25 30 3s 40 <0
l EC 99.108 | 201" 25.6. 300- | 352- 402. | 44.7. | 496- | s00
| (mS'm) weee § AR 26.7 314 167 420 467 $2.1 614
r e ol
| " 7.0 " 6.8- 6.9- 69- . 6.9-
. pH 7.0.76 73 6.7-7.3 71 68-7.1 71 77 | 6971 g
Temp. 150- 15 8- 15 8- 16.0- 16.0- 160- | 160- | 163- 16.0-
(°C) 18.0 150 18.0 19.0 18.5 185 190 19.0 18.5
‘ 005. | <005 | 042- | 039- | 0%51- | 04s. | 028 | 046
B <.
NHON | 00303 | o | oo | 066 | 04s | o053 | 087 | oss | os2
NO: 0.03- 0.09- 011- | 0.12- | 013- | 0.14- | 0.14- | 0.13- | 015
: 0.08 0.17 0.14 016 0.18 0.19 0.22 0.24 032
) 10 3.1- 7.1- 8.3. 7.9-
NO, 0.0-19 34 1.1-36 19 2440 2.6 10 | 4974 | 4o
PO> 0.04- 0.01- 001- | 002- | 002- | 002- | 003 | 004- | 0.08
. 0.28 042 0.26 0.17 041 041 049 0.58 0.85
————— - ———————— o~ —— el e——— e——— —

This batch of effluent was characterized by lower physico-chemical parameters as compared
to Experiment 1. The pH in the channels was stable, fluctuating by less than 1.0 pH unit

(Table 3.7). Temperatures within each channel vaned by £3°C, which is within the
recommended + 3°C (DWAF, 2000), over the 96 hr test period (Table 3.7). Nutrient levels

and trace metals were low, e, within the General Standards, except for nitrate levels, which

were also high in Experiment 1. TDS and EC were both lower, about half the values

Experiment]. Sulphate and sodium levels were much higher than the sampling site

(Appendix A). This effluent sample appeared to be the least saline of the efMuents used.

7



Toxicity results

At 50% efMuent concentration, which was the highest concentration, mortality was 77% after
96 hrs and control mortality was 3% (Figure 3.6). The concentration-response curves showed
that half of the organmisms died at 32% ctfluent concentration, after 96 hrs (Figure 3.7). The
Probit LCS50 was calculated at 30% effluent concentration (Table 3.5). This was the first
indication of the degree of vanability of the effluent. which showed moderate toxicity
compared with Experiment 1. The chemical vaniables of this effluent were comparable to the

irmigation effluent in Experiments 7 and 10 (Appendix B),
Experiment 3 General Kraft Effluent (20-08-1997)

Description: GKE Exp 3

Exposure of T tinctus to GKE for 96 hrs was conducted in the full range of effluent
concentrations ( 1-100%). The use of different effluent concentration ranges in Experiment
I and 2 did not give a clear indication of effluent toxicity, and it was apparent that 1-100 %
cffluent concentrations should always be used. Acclimation mortality was 3%. Figure 3 8
shows the percentage cumulative mortality and Figure 3.9 shows the concentration-response

curve during the acute (96 hrs) toxicity testing.



g

-
= 80
=
=
E 60
E 40 .
-
g
o 20 J
0
0 20 40 60 80 100
Time (hours)

- O‘/o -~ l% - ]0./...- lS?’o = 200/0
- 30% o 35% a 40% e 50%

Figure 3.6  Experiment 2: The percentage cumulative monality of 7' tinctus over 96 hrs,
after exposure to General Kraft Effluent at a range of effluent concentrations.
The diluent was Sabie River water. The zero mortalities of 1% concentration
cannot be distinguished along the 0% response axis.
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Figure 3.7  Experiment 2: Concentration-response curve for Ttinctus exposed to a range
of General Kraft Effluent for various time periods (12-96 hrs). The diluent
was Sabie River water.
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Water quality
Table 3.8 presents the range of values for daily measured vanables and nutrient levels dunng

Expeniment 3.

TABLEDS
RANGES OF DALY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %)
DUKING EXPERIMENT 3 * SHOWS THAT ONLY ONE READING TAREN, ASTOO% MORTALITY WAS
REACHED WITHIN 2 HRS OF THE EXPERIMENT, ND= NOT DONE

Para- “o EfMuent concentration

|
!
|

meter l
(mgh) | Control i 3 10 30 0 | s | % | 100
FC 13- | 190- | 398 | 9s2- [ 1324 | 1106 | 1308 |
ERIE 78
msm) | 101! 141 199 | a1 100.5 . . « | 16785
p" 7679 74-76 70-74 T1-89 7897 9 Qe 99 9 O 10
Femp 17.5- 18.0- 18 8- 185 ‘
7818 - ’ |
pegll L T2 B Bl %o | 19 |~ | No [ o
NH,-N | 004028 | OO 0.0- 0.0- 014 |oase | 22¢ | 30 | sie
o N | 8040 019 | 027 | o1 ' ' :

y—

0.05- 0 08- 018
i 2 . - -
NO. 0.02-008 0.1 0.09 0.19 0.s g 08" 1.3 16 J
129 i
NO, 0.0-1.3 29-87 | 4.2-85 136 63* 95.5 108 127 129.8

i 0.04- 0.26- 0.32-

+ o . > . |
PO, 001-004 0.09 0.1 0.53 1.5 2° 2.3° 34 46*

This batch of effluent was more alkaline, with pH in the channels ranging between 7.0 and
10.0. The temperatures in cach channel varied by less than 1.0°C. Nitrate levels were
generally high than the recommended standard of 10.0 mg/l (Table 3.8). Phosphate levels
were exceptionally higher than 1.0 mg/l, which is the standard (Appendix A). TDS were
much higher than the other GKE experiments, and about three times that of Experiment 2
(Appendix A). EC was high, but less than that in Experiment 1. Sodium levels were higher
than the sampling site and contributed to high TDS of the effluent. Sodium is involved in
ionic, osmotic and water balance in all organisms (Dallas and Day, 1993). Sulphate levels
(average 628 mg/l) were more than sixty times that of the sampling site concentrations

(Table Al). Excess amount of sulphate may form sulphuric acid that reduces the pH of the
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water. This can have severe impact on aquatic ecosystem (Dallas and Day. 1993) This

effluent was among the most saline of the effluents tested in this study.

Toxicity results

Monality was 100% within the first 12 hours in 40, 50, 75 and 100% effluent concentrations
After 12 hours, 30% effluent concentration had more than 80% response. and there was veny
little response in 0 10 10% effluent concentrations. Mortality for 3% effluent concentration
was less (6%) than in the control after 96 hrs. By the end of the experiment (96 hrs). all
concentrations above 10% showed 100% mortality, while 10% effluent concentration
showed 18% monality (Figure 3.8). The responses observed in this batch of effluent were
totally ditferent from the previous two experiments. The concentration-response curve was
very steep between 10 and 20% effluent concentration (Figure 3.9). suggesting an intense
response over a narrow range of concentrations. The Probit LCS50 was calculated at 9%
¢fMuent concentration with wide confidence limits. The TSK LOS0 was set at 14% effluent

concentration, with a narrow range of confidence limits and zero %6 trim ( Table 3.5).
©

Experiment 4 General Kraft Effluent (2-08-1997)

Description: GKE Exp 4
The responses to this batch of GKE are shown in Figures 3.10 and 3.11. Acclimation

mortality was zero percent. Full physico-chemical analysis is presented in Appendix A,
Table Al

Water quality

Table 3.9 presents the range of values for daily measured vanables and nutrient levels during

Experiment 4,

The pH range was normal in lower effluent concentrations, but wide and high in higher
effluent concentrations. The temperatures within the channels fluctuated between 16.5 1o

19.5°C, varying by =2°C over the test period (Table 3.9). Nutrient levels were generally low,
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Figure 3.8  Experiment 3: The percentage cumulative mortality of 7° tincrus over 96 hrs,
after exposure to General Kraft Effluent at a range of effluent concentrations.
The diluent was Sabie River water.
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Figure 3.9  Expeniment 3: Concentration-response curve for 7° tinctus exposed to General
Kraft Effluent at a range of effluent concentrations over various time periods
(12-96 hrs). The diluent was Sabie River water.
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with the exception of nitrates. Nitrates increased with increasing concentrations,

RANGES OF DAILY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %)
DURING EXPERIMENT 4

TABLE LY

|

1

| Para- % EfMuent concentration
meter |
(mgM) | Control 1 3 10 30 40 50 b 1
EC 10.8- 1.2- 127- | 2189. 36.2- 102 62 3- 85 8- 115
(mS'm) 1.7 12.5 13.7 29 37.2 42 67.1 99.0 1285
i _ 16- | 76
’ 25| 687 7 9.70 | 719, 39
ph 6978 | 68 875 6873 | 6970 194 | 7399 oy w—
Temp. 17.0- 17.0- 17.0- 16.5- 18.5- 18.5- 17 8- 19.0 I18.5.
(°Cy 190 19.0 185 19.0 19.0 195 19.0 195
. 0.0- 026- | 028- | 082- 0.95-
NN | 00024 | 040 0.30 348 36 0.0 0001 | 0001
NO 0.04- 002- | 003 | 009 | 0.13- 0.20- 0.23- 0.36- 047.
: 0.08 0l 008 011 0.17 0.11 027 0.41 0.49
3.0- 1.1- 7.2 53-
. 3 8. |
NO, 0019 0037 ]00-75| 1085 | 3584 12.4 129 128 no |
PO} 0.01- 001- | 004 | 002- | 0.09- 0.07- 0.35- 0.87- 1.26-
‘ 0.03 0.03 0.06 0.26 0.61 0.78 1.06 1.66 214

Toxicity results

In this experiment, the responses appeared to increase gradually with time and according to

cflluent concentrations. In the first 12 hrs, the 50% effluent concentration had higher

mortalities than the 75 and 100% efMuent concentrations (Figure 3.10). The first 100%

mortality occurred in the 100% effluent concentration after 24 hrs, followed by the 30 after

72 hrs and 75% effluent concentration after 48 hrs (Figure 3.10). The response pattern was

again different from other experiments. After 96 hrs, the 30 and 40% effluent concentrations

were close at 95% mortality. The 10% effluent concentration showed 48% montality. while

3% ecfMluent concentration had the same response as Experiment 3 at 18%. The

concentration-response curve showed that at 50%% effluent concentration all of the organisms

died after 72hrs while at 10% effluent concentration, half of the organisms died by 96 hrs
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Figure 3.10

Figure 3.11
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Experiment 4: The percentage cumulative mortality of 7. fincrus over 96 hrs,
after exposure to General Kraft Effluent at a range of effluent concentrations,
The diluent was Sabie River water.
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Experiment 4: Concentration-response curve for 7° tinctus exposed 1o
General Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabie River water.
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(Figure 3.11). The Probit LC50 was calculated at 12% effluent concentration (Table 3.5).

The effluent toxicity is comparable to that of Experiment 3.

General comment on 1997 experiments

I'he various batches of efMuents were chemically totally different from each other (Appendix
A). although all samples were collected from one site. but at different times. In Experiment
I, sulphate. sodium, FC and TDS were much higher than the other three experiments.
Chlorides were generally low, as expected, as the effluent is not mixed with bleaching
effluent, which is known to contain organochlorines. In Experiments 1, 2, 3 and 4., trace
metals, iron, aluminium and manganese were higher than those of Experiments 6 and 7,
which were also GKE (Appendix A). The addition of effluent to the diluent increased the

colour in varying degrees as the cffluent concentration increased.

In 1998, the general kraft effluent expeniments were repeated and irmigation kraft effluent was
investigated. The same toxicity testing procedure was followed. Problems were encountered
duning the running of some experiments. High montalities were observed in one set of
channels due to a power failure experienced during the experiment. The affected channel’s
results were discarded. In one instance. suspended solids were so high that the channels
became clogged at high effluent concentrations. A “window™ was cut at the top of the end
mesh to alleviate this problem. Nutrients were not analyzed in the laboratory, as the previous
experiments did not show significant changes. However, full chemical analysis for all the

concentrations was conducted for cach experiment by the IWQS.

Experiments conducted in 1998
Experiment § General Kraft Effluent (13-08-1998)
Description: GKE Exp 5

T tinctus was exposed 10 GKE for 96 hrs at the full range of effluent concentrations (1-

100%). Figure 3.12 shows the cumulative effect of the kraft effluent over the 96 hrs, and



Figure 3.13 depicts the concentration-response relationship over 96 hrs. A full chemical
analysis of individual concentrations in presented in Appendix A, Table A3.

Water quality
Table 3.10 presents ranges of daily measured vanables during Experiment 5. Nutrients were
not monitored in the laboratory, as the results of Experiments 1-4 showed no significant

differences between the experiments.

TABLE L 1D
RANGES OF DAILY MEASUREMENTIS PER CHANNEL (EFFLUENT CONCENTRATION IN Y%)
DURING EXPERIMENT S, * INDICATES THAT ONLY ONE READING WAS TARKEN.

el e————

“e EfMuent concentration

Para-
meter Control 1 3 10 30 0 10

EC 11.2-13.2 119148 132180 | 175273 30.2-55.1 43 4-822 75.2¢

L_(mS‘m)

PH 74-78 75.79 7.5-7.8 75-79 7.3-80 7.1-8.0 $.7°
lemp 150195 15019 145180 | 150185 150190 145-18.5 19.0*
co_| |

e B = = o = THN——

This batch of effluent was characterised by a brownish colour and a high concentration of
suspended solids. The pH for the effluent was low (5.7). The pH in the diluted concentrations
ranged between 7.1 and 8.0 (Table 3.10). The temperatures within the channels fluctuated
between 14.5 and 19.0°C, varying by +4°C. Increased water temperature could affect the
1onic and osmotic balance of aquatic organisms (Dallas and Day. 1993), and the amount of
oxygen that dissolves in the water (Rand and Petrocelli, 1985). EC, TDS, Na', SO,” and Cl

were lower than other experiments (Appendix A, Table A3), indicating that this effluent is

less saline. Nutrient concentration levels were also low.

Toxicity results
In this experiment. 100% mortality was reached in the 100% effluent concentration within

the first 5 hours (Figure 3.12). After 96 hrs, the 50% effluent concentration response was
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Figure 3.12  Experiment 5: The percentage cumulative mortality of 77 rincius over 96
hirs, after exposure to General Kraft Effluent at a range of effluent
concentrations. The diluent was Sabie River water.
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Figure 3.13  Experiment 5: Concentration-response curve for T iimcius exposed to
Genaral Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabie River water.



73%. and for the 30% effluent concentration, mortality was less than 50%. Only 2% and 3%
of organisms responded at 3% and 10% effluent concentrations respectively. The 1% effluent
concentration was discarded due to very high montality, which could not be explained. The
concentration-response curve (Figure 3.13) showed that with the 100% effluent, all of the
organisms died within 12 hrs, while with the 40% effluent concentration, half of the
organisms died after 96 hrs. The 3% effluent concentration had no dead organism. The Probit
1.CS50 was calculated at 38% effluent concentration. The TSK LCS50 value was similar to the
Probit 1.C'50 value, with zero trim indicating good fit of the model (Table 3.4) This effluent

was the second least toxic of the five GKE batches tested in this study.
Experiment 6 General Kraft Effluent (20-08-1998)

Descriprion: GKE Exp 6
Responses of T. tincius 10 the last GKE batch are shown in Figures 3.14 and 3.15. A full
physico-chemical analysis of individual concentrations used in the experiment is presented

in Appendix A, Table A4,

Water quality
Table 3.11 presents ranges of daily measured variables during Experiment 6.

- - TAmEdIl o
RANGES OF DAILY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %%)
DURING EXPERIMENT 6
b 4
Para- % EfMuent concentration
Meter
(mgM) | Control 1 3 10 30 S0 100
EC 12.0- 13.2-15.1 151167 | 193260 34.2- 47.8- 129 6-
(mS'm) 131 52.8 774 1351
PH 7.3-7.8 74-79 7479 7479 7579 7.3-79 6.8-79
Temp. 16.0- 170190 | 165190 | 165190 17.0- 16.5- 17.0-190
*C) 190 190 19.0

The temperature of the channels fluctuated between 16 and 19°C, varying by = 2°C over the
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96 hr test period. The pHs in the channels were within the accepted range (DWAF, 1991) and
did not change by more than one pH unit. This batch of effluent was characterized by an
unusually high calcium concentration (203-206 mg/1). High levels of calcium reduce toxicity
of trace metals such as copper (Dallas and Day, 1993). Sodium, sulphate and chlonde levels
were comparable to values in Experiment 5 (Appendix A, Table A2)). This effluent was less
saline than the other effluents.

Toxicity results

In this experiment, there were no montalities within the first 12 hours. except at 10%6 effluent
concentration, which had 3% mortality. After 96 hrs. mortalities of the 100% and 50%
effluent concentrations were 76% and 32% respectively. Generally, there was little response
in lower eflluent concentrations. Control monality was zero. The Probit LCS0 was calculated
at 64% effluent concentration, and the TSK LC30 was 68% cffluent concentration ( Table
3.5). The responses in Experiments 5 and 6 were very different despite the fact that they were
both GKE. The 100% effluent concentration response in Experiment 6 was almost the same
as the 50% effluent concentration in Experiment 5. This could be attributed to high levels
of calcium, which reduces toxicity. What was interesting was that the LC1 and LCS values

were similar,

In Experiments 7, 8, 9 and 10, T tincrus were exposed to IKE over 96 hours.

Experiment 7 Irrigation Kraft Effluent (17-08-1998)

Description: IKE Exp 7

I tmctus was exposed to IKE for 96 hrs at the full range (1-100%) of elfluent
concentrations. At the start of the experiment. the channel’s mesh clogged due 10 high levels
of suspended solids. Frequent brushing of the end mesh relieved the situation. Ranges of
daily measured variables are shown in Table 3.12. The responses of 7 tinctus are shown in

Figures 3.16 and 3.17.

83



100

% Cumulative montality

0 20 40 60 80 10
Time (hours)

o %% - 1% - % -o- 10%
- 0% 4 50% @ 100

Figure 3.14  Experiment 6: The percentage cumulative montality of 7 tinctus over 96 hrs,
after exposure to General Kraft Effluent at a range of effluent concentrations.
The diluent was Sabie River water.
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Figure 3.15  Experiment 6: Concentration-response curve for 7° tinctus exposed to General
Kraft Effluent at a range of effluent concentrations over vanous time periods
(1296 hrs). The diluent was Sabie River water.



Water quality

Table 3.12 shows ranges of the daily measured variables during Experiment 7.

TABLE 302
RANGES OF DALY MEASEREMENTS PER CHANNEL (EFRLEENT CONCENTRATION IN "%)
IRING EXPERIMENT T

Para- % EffMuent concentration
meter
(mgl) Control 1 3 1 3o S0 78 100
HC 1.2 130. 18.3- 279. 84 8- 150- | 179.0- | 2340
| msm) | 132 166 28 323 95 6 9o | 1937 | 2510
i pH 7578 | 7777 | 75778 | 7578 | 7127 | 6576 | 5375 | 5058
[—‘lmp. 15.5- 15.0- 15.0- 15.0- 15.0- 15.0- 15.0- 15.0- !
L0 195 19.0 19.0 200 190 19 0 18.0 180
-J ———— - » . ;

The high concentrations of suspended solids contributed to increased turbidity. The pH in
the channels showed a decreasing trend  with increasing  effluent  concentrations.
Temperatures within the channels fluctuated between 15.0 and 20.0°C, and varied by + 5°C
(Table 3.12). Variation in temperature could have affected the tolerances of the organisms,
LC was high compared to the sampling site and the recommended limit for irrigation with
industrial wastewater. Chloride concentrations were relatively higher than those of the
general effluent experiments, possibly indicating the presence of organochlorines in the
cflluent. Sodium and sulphate concentrations were also high (Appendix A, Table AS), and
may have contributed 10 salinity of this effluent. The nutrient concentrations were generally

low. High values for Na, SO, and Cl concentrations showed that the effluent was saline.

Toxicity results

In Experiment 7, there was generally very little response within the first 12 hrs. Thereafier,
50% response occurred in the 75 and 100% effluent concentrations. By the end of 24 hrs, the
75% and 10076 eMuent concentrations had reached 100% mortality (Figure 3.16). At the end
of 96 hrs. only the 75 and 100% effluent concentrations had reached 100% mortality.
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Figure 3.16 Expeniment 7: The percentage cumulative mortality of 7 tinctus over 96 hrs,
after exposure 10 Imgated Kraft Effluent at a range of efMluent concentrations
I'he diluent was Sabie River water.
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Figure 3.17 Experiment 7: Concentration-response curve for 77 tinctus exposed to
Irrigation Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabie River water.
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Effluent concentrations 1. 3 and 10 % responses were less than 10%. Control mortality was
zero indicating the good quality of the river water. The concentration-response curve showed
that at 75% cfMuent concentration all of the organisms had died after 48 hrs and that at 30%
efMuent concentration, half of the organisms had died after 96 hrs (Figure 3.17). The Probit
LC50 was calculated at 32% cffluent concentration with low chi-square heterogeneity, and

the TSK LCS0O was at 27% concentration (Table 3.5).

Experiment 8 lrrigation Kraft Effluent (17-08-1998)

Description: IKE Exp 8

T tinctus were exposed to IKE for 96 hrs at the full range of effluent concentrations (1-
100%). The channels became clogged despite having sieved the effluent before the start of
the experiment. This was due to high levels of suspended solids in the effluent. Table 3.13
presents ranges of daily measured variables during Experiment 8. The responses of 77 tincrus
are showed in Figures 3.18 and 3.19. The full chemical analysis of individual concentrations

is presented in Appendix A, Table A6.

Water quality

Table 3.13 presents ranges of measured variables during Experiment 8.

TABLE 313 o
RANGES OF DAILY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %)
DURING EXPERIMENT 8,

: Para- “% EfMuent concentration
i meter | o
C (mg) Control I 3 n 30 50 78 100
L.

EC | (iagaa | M- | 240 | 300 | 846 1204- | 1826- | 2360 |
(mS/m) el 279 56 972 148 3 1943 | 2473

pH 7578 | 7479 | 7479 | 7579 | 7177 | 5976 | $4-72 | 5.1-54
I S — o '_1’_— - o P g - S ‘F' —

Temp. | o195 | 150 145 15.0- 15.0- 14.5- 15.0- 155
L) S 19.0 150 19.0 18.0 18.0 180 | 185 |

The pH was acidic at high e¢ffluent concentrations. The temperature in the channels
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fluctuated between 14.5 and 19.5°C (Table 3.13), and varied by + 4°C. EC of this cffluent
was well above that of the sampling site (Table 3.3). This effluent was comparable to the
batch used in Experiment 7.

Toxicity results

After 24 hrs, 100% mortality was reached in both the 75 and 100% effluent concentrations.
The 50% cffluent concentration also reached 100% monality by the end of 72 hrs. L ower
effluent concentrations (i.e. 1. 3 and 10%) were similar 1o control responses (Figure 3.18).
This appeared to show that low effluent concentrations of this irmigation effluent do not ¢licit
mortality responses. A concentration-response curve showed that at 75% concentration all
of the organisms died after 24 hrs. At 50% effluent concentration, half of the organisms had
died after 48 hours. At 3% effluent concentration no organisms had died (Figure 3.19). The
Probit analysis could not calculate the LC50 and 95% confidence limits, as the response was
not monotonic. The responses were very low at low effluent concentrations and suddenly

shot up from 10 10 1000 effluent concentrations.

Experiment 9 Irrigation Kraft Effluent (20-08-1998)

Description: IKE Exp 9

. tinctus were exposed to seven concentrations of IKE for 96 hrs ranging between 1 and
100%. This batch of efMuent also had high levels of suspended solids and the effluent was
sieved successfully, so that clogging was not a problem during the experiment. Acclimation
mortality was 2%. Only one set of readings was taken in the 100% effluent concentration,
as 100% mortality was reached within the first 7 hrs of the experiment. The 10% effluemt
concentration was omitted in the LCS0 calculations, as mortalitics were completely
anomalous. Figures 3.20 and 3.21 show the organisms responses during the experiment. A

full analysis of individual effluent concentrations is presented in Appendix A, Table A7.
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after exposure to lrrigation Kraft Effluent at a range of efMuent
concentrations. The diluent was Sabie River water,

100

% Cumulative mortality

N 20 40 61 80 L
Effluent concentration (%)

- 12hrs o 24hrs - 48hrs - 72hrs -

Expenment 8@ Concentration-response curve tor [ tinctus exposed o
Irrigation Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabic River water.

89



Water quality
Table 3.14 presents ranges of daily measured variables during Experiment 9. Only one
reading was taken in the 100% effluent concentration, as it had reached 1000 montality

within the first 7 hrs

o Tameds - }
RANGES OF DAILY MEASUREMENTS PER CHANNEL (FFFLUENT CONCENTRATION IN %) .
DURING EXPERIMENT 9. % INDICATES THAT ONLY ONE READING WAS TAREN,

Para- %% EfMuent concentration {
meter
(mg1) Control 1 3 10 30 S0 s 100

LC 12.0-13.2 163 23 5. a6 7- 114 1- 177 4- 249 8- 320 53

(mS'm) 17.7 256 S1.9 1248 1937 2553 .

pH 7378 74-78 74-78 7478 7.3-19 TO0-78 65-7.1 60 !

' Temp, 16.5-18 5 17.0- 16.5- 16.5- 17.0- 17.5- 17.5- I8.5* |

| (*C) 190 18.0 IS5 190 190 180 |

The temperatures within each channel fluctuated between 16.5 and 19.0°C over the 96 hrs
toxicity test period, varying by about < 2°C within cach channel. The pH in the channels was
around neutral (Table 3.14). EC was higher than the GKE, indicating that the effluent was
one of the most saline of the efMuents tested in this study.

Toxicity results

In this experiment, the 100% effluent concentration reached 100% mortality within the first
5 hours of the start of the experiment. The 50% effluent concentration reached 100%
mortality after 96 hrs. The 10% effluent concentration was discarded. as it presented
abnormally high mortalities after day 3. A concentration-response curve showed that at 48%
effluent concentration. all of the organisms had died after 96 hrs. At 30% cffluent
concentration halt of the organisms had died after 96 hours (Figure 3.21). The LCS50 could
not be calculated by Probit analysis. This secemed to have been influenced by the number of
concentrations used to caleulate the LCS0. However, the TSK analysis showed the L.C50 at
19% effluent concentration, which overlaps with the GKEs (Table 3.5).
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Experiment 9: The percentage cumulative mortality of 7 tinctus over 96 hrs,
after exposure to Irmgation Kraft Effluent at a range of efMuent
concentrations. The diluent was Sabie River water.
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Experiment 9: Concentration-response curve for 7. finctus exposed to
Irrigation Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabie River water.
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Experiment 10 Irrigation Kraft Effluent (20-08-1998)

Description: IKE Exp 10

T tinctus were exposed a range of IKE concentrations for 96 hrs. Mortality after acclimation
was 4%. Responses of T. rincrus are showed in Figures 3.22 and 3.23. A full chemical
analysis for individual effluent concentrations 1s shown in Appendix A, Table AR

Water quality

Ranges of daily measured variables during Experiment 10 are shown in Table 3.15.

TABLY 318 1
RANGES OF DAILY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %)
DURING EXPERIMENT 10,

———

e —
Para- % EffMuent concentration
meter
(mg/l) Control 1 3 10 3o S0 75 100
EC 159 23.5- 45.7- 113.6- 178 8- 250 4- 313.7-
(mS'm) 120-13.1 176 26.2 S0.6 1253 1995 2556 3254
pH 7.3-78 7.3-78 74-78 | 74-78 | 73-78 | 70-78 | 6674 | 63.74 l
Temp. 16.5- 16.5- 16.5- 16.5- 16 5. 17.0- 180- |
(*C) 16.5-18.5 180 180 150 1850 150 k. 180 i85 'l

The channel temperatures fluctuated within £ 2°C ranging between 16,5 and 18.5°C. The pH
was within the General Standards (DWAF, 1991) and similar to the batch of effluent used
in Experiment 9 (Table 3.15), although EC was higher than the GKE. The chlonide. sodium
and sulphate levels were much higher than the GKE (Appendix A, Table AS8), and
contributed 10 the salimity of the effluent.

Toxicity results

Control mortality was 2%. The 75 and 100% effluent concentrations reached 100% mortality
after 24 hrs (Figure 3.22). Effluent concentrations 1, 3 and 10%, had a mimimal effect on the
test organisms. A concentration-response curve showed that at 75% effluent concentration,

all of the organisms had died within 24 hrs; and at 30% effluent concentration, half of the
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Figure 3.22

Figure 3.23
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Experiment 10: The percentage cumulative mortality of 7. tinctus over 96 hrs,
after exposure to Imigation Kraft Effluent at a range of eflluent
concentrations. T'he diluent was Sabie River water.
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Experiment 10: Concentration-response curve lor T rinctus exposed to
Irrigation Kraft Effluent at a range of effluent concentrations over various
time periods (12-96 hrs). The diluent was Sabie River water.
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organisms had died after 96 hrs (Figure 3.23). The Probit LC50 was calculated at 32%
effluent concentration and was similar to the batch used in Experiment 7, which is also an

irrigation effluent (Table 3.5). The TSK analysis also indicated a similar response.

General comments on 1998 experiments

FfMuent batches for Experiments S and 6 were different from each other. chemically and in
responses, although they were both GKE. This showed vanability in the effluent. This should
be expected since the effluent does not go through a retention period for stabilization. All
four IKE responses were similar, even though experiments were conducted at different times

Chlonde levels were the highest in the IKE.

3.5.4  Analysis of water quality data
Water samples were taken at the start and the end of each experiment and analyzed by
ITWQS. The physico-chemical results are summarized in the form of ranges in Table 3.4. The
chemical profile of each effluent batch used for each experiment are presented in Appendix
A.

Sample analysis showed vanation in most parameters during the experiments for both GKE
and IKE. The IKE had higher TDS levels than the GKE. EC for both GKE and IKE was
higher than the recommended limit of 200 mS/m, for water used for irrigation (DWAF,
1999), and ranged from 310 to 395 mS/m, and 101 to 425 mS/m respectively. These values
are almost 20 times higher than those of the sampling site. Turbidity and suspended solids
were high and could be possible contributory factors 1o mortality. The pH was within
General Standards range (6.5-9.5) (DWAF, 1991) most of the time, but variation was above
the recommended 1.0 pH unit (Dallas and Day, 1993). Nutrient levels showed an increasing
trend as percentage effluent concentration increased, and also remained within the General
Standards himits (DWAF, 1991). Experiments 7, 8, 9 and 10, showed that chloride, sodium
and sulphate levels were ten times higher than those of the sampling site. Trace metals
remained insignificant in all the experiments. The whole effluent was analysed at the

beginning and at the end of the experiment, and the results showed slight differences in



vaniables, which indicated no measurable degradation of the effluent over time.

355 Sitespecific whole effluent guidelines for kraft effluent
As mentioned in Chapter 2. Environmental Risk Assessment (ERA) is a tool that can assist
during environmental decision-making. The focus of environmental protection is at the level
of the resource at risk. The US EPA Guidelines (US EPA. 1998) describe single-species
chemical-based risk assessment techniques for assessing risks to ecosystems from multiple
stressors and multiple endpoints (Murray and Claassen, 1999). The DWAF, in collaboration
with the CSIR, is in the process of developing an ERA framework for South Africa ( Murray
and Claassen, 1999). The data from this study can contribute to describe a single-species.,

hazard-based assessment of the effluents studied.

Palmer and Scherman (in press) have developed a method for relating toxicity test data o
the resource protection policy of DWAF (Palmer, 1999). This method was applied 10 cach
batch of kraft effluent. For cach experiment, the tolerance end-points described were LC1,
LCS. and L.CS50 values. The lower and the upper 95% confidence limits of the 1 C1, LCS and
LCS0 values are listed (Tables 3.16 and 3.17), except for Experiment 8 and 9, for which the
Probit analysis method was not appropriate and results not available.

Tables 3.16 and 3.17 therefore present LCL, LCS, LCS0 values and their 95% confidence
limits, plus the calculated AEV for each GKE and IKE experiments respectively.

In this study, chronic tolerance tests were not undertaken. The ranked hazard assessment
tables start with Class A (minimal risk) at effluent concentrations below any result derived
from acute experimental results. The tolerance end-points for each experiment were then
ranked and associated with a particular predicted in-stream river health class (Appendix C).
Table 218 presents an example of a ranked list of toxicity test end-points, with a specific
hazard description associated with a particular River Health Class, and a resuliant hazard-
based effluent guideline. Ranked lists for Experiments 2-10 (Tables C1-7), are presented in
Appendix C.
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' TABLE 316
[ LOL, LCS AND LOSO VALUES OF THE PROBIT ANALYSIS FOR THE INDIVIDUAL GENERAL KRAFT
FFRLUENT EXPERIMENTS, THEIR 95% CONFIDENCE LIMITS AND AEV, (UCL = UPPER CONFIDENCE
LIMITS, LOL © LOWER CONFIDENCE LIMITS),

gon [ Th T8 T T TR T T T [
Loy | Lo | VEL L es | el | ueL [ Lese | LCL | CL | ARV
r;;cr;n::m 1| 38 | 23 5 s9 | 42 77 | 193 16 24 19
| Experiment2 | 49 [ 23 | 74 | 83 | 48 | n3 | 30 | 26 35 24
[ Experiment 3 | 1.1 0 36 | 21 | ooa | 54 | 89 2.1 9 | o0s ‘
Expeniment 4 2.5 0o 42 39 15 6 16 32 Ir T — 12
Experiment § 15 78 199 194 12 245 378 323 43 7.3
Experiment6 | 12 | 39 | 192 | 193 | 88 | 277 | 636 | 519 | 800 | 59

[ C TABLE 3T
O LCHL LCS AND LCSOVALUES OF THE PROBIT ANALYSIS FOR THE INDIVIDUAL IRRIGATION KRAKT
O EFELUENT EXPERIMENTS, THEIR 95% CONFIDENCE LIMITS AND AEV_ (UCL © UPPER CONFIDENCE
| LIMITS, LOL = 1 OWER CONFIDENCE LIMITS).

- )

LC1 e (S LSO LGS '
Acute O6hr) | o0 | 95% | 9s% || o [95% | 95% || | 95% |9S%UY o
; IKE LCL | uCL “lwen fuel | T e | o |7
Experiment 7 122 | 63 17 | 162 | 97 | 262 | 319 | 262 | 363 | 6.
Experiment § LC1L LCS AND LCSO VALUES NOT AVAILABLE
Experiment 9 LC1, LCS AND LCSO VALUES NOT AVAILABLE
Experiment 10 | 142 | 77 ] 189 | 179 rn.z 2s I IS l 26.5 l 353 I 7.1

The results show that no more than 2% effluent concentration should be allowed to enter an
A Class nver, and between 5 and 6% effluent concentration should be the limit in D Class.
Once receiving waters have been classified, these results could be used to set appropriate

resource quality management objectives.
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TasLe 318

EXPERIMENT 1 (GKE): A RANKED LISTOF TOXICITY TEST END-POINTS, EACHWITH A SPECIFIC
HAZARD DESCRIFTION (TABLE 2.2) ANDASSOCIATED RIVER HEALTH CLASS. RESULTANT GUIDELINE

RANGES FOR RRAFT EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1) AND HAZARD-BASED

|

DESCRIPTIONS (TABLE 2.2) ARE BASED ON PALMER AND SCHERMAN (IN PRESS).
Tolerance test end- | % efMuent Summarised hazard River Suggested %%
points concentra- description health class cfMucnt
tion concentration
Chronic test results . , .
not avaulable Uinknown Minimal hazard to intolerant A 00-20
biota — no acute responses
AEV 19 Low hazard to moderate biota:
evidence of an acute response,
LCT lower 95% CL 23 but 95% probability of less -
& ¢ B 20 40
than 1% mortality after acute
LCI 38 exposure
42 Moderate hazard to intolerant
s, .
LCS lower 95% C1 biota: 95% probability of = o
| ' 0 mortality between 1-5 % after e
| LC1 upper 95% CL . acute exposure
[ High hazard: best estimate of
LCS 59 5% mortality after acute D 50 60
Cxposure,
| Unacceptable hazard: 95%
L.C5 upper 95% CL 1.7 probability of at least $% EF 6.0
mortality after acute exposure

CL.: confidence limit

Table 3.19 gives a summary of suggested guidelines for the kraft effluents tested. As shown
by Table 3.19, effluent batches for Experiments 1, 2, 3 and 4 appeared to share similar
guidelines, and effluent batches in Expeniments 5, 6, 7 and 10 also shared similar guidelines.
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 TABLE3L9
INDIVIDUAL KRAFT EFFLUENT EXPERIMENTS WITH ASSOCIATED RIVER HEALTH CLASSES AND
ASSIGNED PERCENTAGE EFFLUENT CONCENTRATION GUIDELINE RANGES.

EXPERIMENTS 5.6 | EXPERIMENTS 7,010

River EXPERIMENTS 1, 2, 3 4 (GKE 1997) (GKEFE 1998) (IKE 199%)
health %% efMuent concentration % efMucnt *% efMuent
concentration concentration
class {
Exp 1 Exp2 Exp 3 Expd4 | Exps Exp 6 Exp7 Exp 10
A 0-2 0-2 0-058 0-1 0-7 0-6 0-6 0-7
B 2-4 2-5 05-1 1-3 7-18 6 12 6-12 7-14
t
i - 4-5 §-7 | -4 31 4 1$-20 1220 12-17 14 I8
D 56 7.9 46 | 4-6 | 2-25[2-30]17-26| 18 23 |
2 EF 6 -9 -6 -6 28 >30 “26 23

This indicated that effluent of quality similar to batches in Experiments 1, 2, 3 and 4 would
have a more scrious impact than those with a quality profile similar to the batches of
Experiments 5, 6, 7 and 10. This table shows the relative similarity of the toxicity, and the
required concentration of the 1997 GKE and 1998 GKE and IKE samples. The 1998 GKE
and IKE samples showed lower toxicity than the 1997 GKE samples. This seemed to relate
to efMluent chemistry (Appendix A).

At present, IKE is used at 100% concentration. Table 3.19 indicates that to reduce potential
environmental risks, cffluent should be diluted. These in-stream percentage effluent
concentrations could be used to calculate the volume of effluent which should reach the

groundwater and river.
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356 Groundwater
Experiments 11 and 12 Groundwater (29-07-1998)

Description: Growndwater Exps 11 and 12

These experiments were conducted as a short-term chronic toxicity tests over 12 days, using
groundwater as the toxicant and the same test organisms. 7 fincrus were exposed 10
groundwater at a range of mixtures, with Sabie River water as the diluent and the control:
and also to 100% groundwater. Two channels (duplicates) were run per concentration,
analvzed separately as Experiments 11 and 12 (Table 3.5). Responses of T tinctus are shown
in Table 3.20 and Figure 3.24. The results of the two expeniments are given as means.

Control mortality was 6% atier 12 days.

Table 3.20 shows groundwater percentage response and the means of duplicate channels at
4. 7. 10 and 12 days. Figure 3.24 shows the mean cumulative mortality of 7° tinctus exposed
to groundwater over 12 days. Responses showed that groundwater caused some toxicity at

high concentrations.

| TARLE 3.20
‘ GROUNDWATER PERCENTAGE MORTALITY AT, T 10 AND 12 DAVS, THE RESULTS OF DUPLICATE
CHANNELS, AND THE MEAN, ARE GIVEN. |
Ground- . 7 Days
andar 4 Days 10 Days 12 Days !
(%) Duplicates | Mean | Duplicates | Mean | Duplicates | Mean | Duplicates | Mean
0 2 | 4 3 4 | 4 4 6 I 6 6 6 | 6 6
. |
10 0 7 35 3 7 s 5 ] 20 128 s 20 12.5
25 3l 2| 18 3 (2] 728 i3] 2 75 | 13| 2 7.8 ;
0 5 5 g 13 K 21 3| 16 248 | 42| 10 WS i
|
; 100 s | 9| 22 6 |as| M | 21| ss 3™ | 23| 60 | s |
L
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Figure 3.24 Mecan cumulative mortality of T tinctus over 12 days, after exposure 1o
groundwater at 10, 25, 50 and 100% concentrations. The diluent was Sabic
River water

Water quality
l'ables 3.21 and 3.22 show the ranges and means of daily measured varnables for each
mixture of Experiment 11 and 12 respectively. dunng 12 days groundwater toxicity testing

Samples were 1aken at 0 hrs, 96 hrs, day 8 and day 12, for chemical analyses (Appendix D)

The pH within the channels ranged from 7.5-8.3 with a variation of + 0.3 pH units in each
channel. The means showed pH increasing with increase in groundwater mixtures ( Table
3.21 and 3.22). The mean temperatures ranged between 16.5 and 17.5°C and showed
consistency, however temperatures within individual concentrations fluctuated widely over
96 hours. EC was about 10 times that of the receiving water (Table 3.3) and was higher than
the General standard of 75 mS/m (DWAF, 1991). Chlonde levels in groundwater fluctuated

between 227 and 264 mg/l, which were about the same as the cffluent concentrations, and
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may show the impact of the IKE (Appendix D, Tables D1, D2). Nutrient levels were

insignificant. Trace metals have not been shown because they were below detectable imits.

CONCENTRATION) WETH THEIR MEANS DURING A CHRONIC (12 DAY) GROUNDWATER TONICIIY TESTING
FORFEAPERIVENT TT A RANGE AND A MEAN FOR FACH GROUNDWATER MINTURE ARE GIVEN

TAasLe 321

RANGES OF DALY MEASUREMENTS OF GROUNDWATER PER CHANNEL (EXPRESSED AN "%

Para- Control 10 25 S50 100 1
meter | - ‘
(mg/h) Range | Mean | Range | Mean | Range Mean  Range | Mean  Range | Mean i
T —
EC 10 8- 23 4. 40.1- 66 5- 1.8 |
1.3 248 423 719 | 12
(mS'm) 137 27.3 45.7 783 1216 ; .
? —
pH 7.5-7.8 7.6 7381 7.8 7.8-82 T4 8183 82 BO83 | 82
{ |
Temp. 14.0- 150- 15.0- 14.0- 14.0- I
17.7 17.8 16.5 17.2 174
(°C) 200 198 19.5 190 19.0
(ST F— i S - .
S _ TABLE 322 o

RANGES OF DALY MEASUREMEN TS OF GROUNDWATER PER CHANNEL (EXPRESSED AS %%
CONCENTRATION) WITH THEIR MEANS, DURING A CHRONIC (12 DAY) GROUNDWATER TOXICTTY TESTING
FOR EXPERIMENT 12 A RANGE AND A MEAN FOR EACH GROUNDWATER MINTURF ARF GIVEN,

o

Para- Control 10 28 S0 100
meter -_—1 EE—
(mg/) | Range | Mcan | Range | Mean | Range | Mean | Range | Mean ' Range | Mean
i 1
EC 10.8- 24.0- 410- 67.2- r 108 9.
1.3 248 433 M3 | 16
(mS'm) 13.7 27.0 47.5 76.7 123.0
—
' pH 7578 7.6 7.8-8.1 7.9 7.9-82 8.0 80-83 52 ] 8.1-8.3 8.2
{
Temp 14.0. 13.8- 14 0- 14.0- 14.0. |
17.7 17.2 171 17.2 17.0
(C) 200 195§ 190 195 195




15.7 The main findings of this study
The mayfly nymph 7° tinctus from the Sabie River in the sub-tropical low-veld region of
South Africa showed sensitivity to both general and irrigation kraft effluents. Groundwater
has also showed some lethal effects to aquatic biota at high concentrations. The species was
shown to be highly susceptible to high concentrations of both IKE and GKE. Responses
differed from batch to batch of kraft effluents, but generally, 7 rinctus showed less
variability of response to IKE than to the GKE (Tables 3.5, 3.16. 3.17). Interestingly, GKI
samples from 1998 were less toxic than those tested in winter 1997 (Table 3.5). Generally.,
toxicity of both kraft effluents was high compared to groundwater (Table 3. 5) The IKEs
were more saline than groundwater, which was more saline than the Elands and the Sabie

Rivers. Groundwater toxicity was measurable (Table 3.20). and therefore groundwater

contamination was evident.
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36 DISCUSSION

261  Introduction
The aim is to discuss the results of this study in the context of national and international
literature and the philosophy of South African water quality management. The main aim of
the study was 1o investigate the potential effects of pulp and paper kraft mill effluent on
indigenous nverine may fly nymphs, and 1o report on the relative toxicity of General (GKE)
and Irmigation (IKE) Kraft Fffluents and the recipient groundwater. To achieve this aim,
mayfly nvmphs (7 tmcrus) were exposed for 96 hours to a range of kraft effluent
concentrations, and for 12 days to a range of groundwater mixtures. The secondary aim was
1o provide a set of hazard assessment guidelines, which relate effluent toxicity to rniver health

class.

I'he main finding of the study was that kraft effluent is variable and acutely toxic. The
toxicity of GKE was more variable than that of IKE, with IKE toxicity close to the mean
toxicity of GKE. The IKE collects into a holding dam before it is irrigated, and this could
have contributed to its relatively constant toxicity. Groundwater was demonstrably toxic, but
over a chronic test period. Although the study cannot demonstrate a causal link between
groundwater salimisation and toxicity. and the irrigation of toxic effluent, there is a
correlation. There is therefore a cause for caution, and this study recommends that IKE
should be viewed as having a direct impact on aquatic environments, and should be treated
accordingly.

The results of this study were used in the application of a derived hazard assessment
guidelineg, which provides a recommended IKE dilution factor (Table 3.19), which would
render the IKE acceptable in-stream, at different levels of ecosystem health. This information

could be used in the decision-making about IKE treatment and irrigation.

In the introduction, the question of the effects of pulp and paper kraft effluent on aquatic

environments was raised in the form of three questions: Why are pulp and paper effluents
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toxic? What are the environmental and biological eftfects” What end-points have been used
to detect these effects? It would be useful to consider these questions in the light of this

study.
3.6.2  Effects of pulp and paper kraft effluent on aquatic invertebrates

Why are pulp and paper effluents toxic”
I'he chemical source of kraft effluent toxicity has been much debated and this is discussed

at length in Section 3.1.3

Bleaching

Despite the fact that the kraft mill investigated during this study mainly used ClO. and ozone
for bleaching, the effluent was still acutely toxic. Chlorine-free bleaching results in very hule
formation of polychlorinated compounds. The biological treatment further reduces the toxic
potential of the kraft effluent (Haley er @/, 1995: Oikani and Holmbom, 1996). Since
effluents used for the study undergo primary treatment and pH stabilization betore being
irngated, but not secondary treatment, organochlorines could still be contributing to effluent
toxicity (Swanson. 1996). A complete substitution of chlorine dioxide has resulted in
reduced impacts on aquatic ecosystems (Gullichsen, 1991; Haley er al.. 1995; Landner er ol .
1994; Soimasuo ¢f al., 1998), by reducing chlorinated phenolic and dioxin/furan formation
1o levels at or below the detection imits (Swanson et al., 1996; Oikari and Holmbom, 1996),
and altering the chemical composition of the effluent (Gullichsen, 1991; Servos e al., 1996).

Generally, bleaching effluent is acidic due to the use of strong acids and the reaction end-
products during the bleaching process, and these are the major source of toxicity in kraft
cfMuents. The acidic bleaching effluent was mixed with GKE to form KL, and IKE is treated
with CaCO, before it is irrigated, hence the pH of IKE of this study was towards neutral, If
bleaching effluents were to enter the aquatic environment, and alter the pll. this could affect
the rate and type of ion exchange across the gills of organisms (Dallas and Day, 1993). Even

effluent directly from the pipeline will definitely have an impact on aquatic biota should it
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reach the aguatic environment. Therefore, it i1s very important that strict precautionary
measures be taken to avoid any leaks from the pipeline or overflows from the clarifyving

tanks.,

Comparison of GKE: and IKE

Toxicity results using both Probit and Trimmed Spearman-Karber analysis showed little
difference in the toxicity of 1998 GKE and IKE samples. with the 1997 GKE samples being
more toxic than other samples (Tables 3.5: 3.16: 3.17). Therefore, IKE was as potentially
toxic to aquatic biota as the GKE during 1998, This supports the information stating that
there is hittle difference in toxicity of bleached versus unbleached mill effluents to aquatic
life (Eysenbach ef ai.. 1990 Smith and Sprague. 1992: Robinson ef al., 1994: FXlund er al..
1996). This could show that toxicity has little to do with chlorination, as effluent without
chlorine was also toxic. Effluent chemistry did not differ by a wide margin. except for

sodium. chloride and sulphate levels in IKE, which were much higher than GKE.

Salinisation

Chemical analysis of surfaced groundwater indicated salinisation impacts. Exposure of test
organisms to groundwater in a short-term chronic test (12 day) showed a demonstrable level
of mortality. Salinisation was almost certainly linked to these lethal effects. Conductivity and
TDS levels of both GKE and IKE were higher than the reference site. indicating salinity of
the effluent could have contributed to test organisms’ mortality. Electrical conductivity has
been found 10 be a major contributor 1o 77 fincius mortality. with sulphate having a
synergestic and calcium an antagonistic effect on mortality (Scherman ¢f a@f. (in press)).
Sulphate levels were above the guidelines for the protection of aquatic ecosystems (DWAL,
1996f). The results of this study indicate that salinity is a major contributor to the toxicin

of kraft effluent.

In this study, as in that of Robinson e al. (1994). eflluent toxicity was mostly related to the
degree of effluent concentrations, i.¢. as the effluent concentrations increased, more

organisms died. At higher ¢ffluent concentrations, all responses were acute (within 24 hrs).
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except for Experiments 2 and 6. This showed that if the effluent entered the river during low
flow, where the dilution factor will be low, devastating impacts could occur, as happened
during an accidental spill in 1989 (Kleynhans er al_, 1992). At lower effluent concentrations,
toxicity was reduced, indicating that the effluent must be very dilute, in order to safely enter

the aguatic environment.

T
In this study. pulp and paper kraft mill effluents were generally found to be acutely toxic.
This could be attributed to the fact that there is no secondary treatment or any form of
biological treatment of effluents in the mill, before effluent is released for irmgation. Studies
have shown that untreated or inadequately treated effluents from any pulping process have
the potential for significant adverse environmental impact (Ahtianen ef «/ . 1996: Smith and
Sprague, 1992 Eklund er al.. 1996). Biological treatment effectively reduces acute toxicity
of the effluent (Eysenbach ef al., 1990; Kovacs ¢f al., 1995; Priha, 1996). This is supported
by Zanclla and Berben (1980), Hodson er @, (1992) and Ahtianen ef ai. (1996). who found
untreated bleached effluents were toxic to fish, but that biological treatment reduced acute
toxicity. The type of wood used or natural constituents of wood also influences the toxicy

of the effluent produced (Ahtianen ef al.. 1996: Axegird er al.. 1993: Verta et al., 1996).

What are the environmemal and biological effects of discharging kraft effluents and what
end-points can be used to detect these effects?

This is not a study on environmental effects, but the exploratory investigation of groundwater
indicated the potential hazards of imgating kraft efMfluent. Table 3.20 and Figure 3.24 showed
clearly that organisms responded negatively to the higher concentrations of groundwater. It
would usually be difficult 10 undertake such a study because the chemistry of the
groundwater is so different from surface water. However. in this case the groundwater had

surfaced naturally and was collected from a surfaced spring.

The main chemical difference between groundwater and Sabie River water is salinity,

particularly the sodium, sulphate and chloride levels. Although groundwater had a salinity
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range of 109-143 mS/m versus 13.0-15.8 mS/m in the receiving water, the implication that
groundwater has been impacted by irrigation with kraft effluent is correlative. However,
exposing 7' tinctus to elevated salinities. Palmer and Scherman (in press) suggested that
salinities above 50 mS'm would result in Class E/F conditions in the Sabie River, and thus
constitute an unacceptable risk to sensitive biota. The Elands and Sabie Rivers share a
similar natural salinity profile (Table 3.3), therefore it s likely that the salinisation of the
groundwater to 109-143 mS/m could pose an environmental threat. The difficulty of

groundwater remediation is an exacerbating factor.

A consideration of biological effects on the basis of acute toxicity results is difficult, but this
study clearly showed kraft eflluents have the potential to impact negatively on biota. This
was demonstrated by the 1989 spill (James and Barber, 1991: Kleynhans er al.. 1992), where
large populations of biota were destroyed, but have since recolonised. The mill is now
carcfully and protectively managing the effluent, and irrigation is the only routine route of
exposure. Given that in this study only one species was exposed to kraft effluent over an
acute time period, and that no study was undertaken of chronic or community responses. it
is necessary 1o determine what can be concluded about the potential biological effect of

imgation kraft effluent.

A hazard assessment approach was taken. It was assumed that the statistical information
from Probit analysis around acute, lethal responses at low but measurable concentrations,
could give an indication of the chronic, sub-lethal in-stream biotic response. Further, using
the 95% confidence limits around the L.C1 and L.C5 values allow further quantification of

low, but measurable responses, at lower concentrations.

Since acute toxicity testing is relatively cost effective (Cairns, 1983; Rand, 1993), it is
advantageous to infer chronic and sub-lethal effects from acute lethal data. By taking the
LC1, LCS and AEV as the basis of a hazard assessment guideline for kraft effuent disposal,
we are attempting to extrapolate acute effects to the likely biological effect on the

environment. We have therefore linked low levels of response to changes in feeding and
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breeding. as it seems reasonable 1o infer the possibility of these effects from actual mortality
data.

3.6.3  EfMuent and organism variability

Effluent toxicity could be attributed to several factors. Firstly, the production of pulp
involves a multitude of factors such as wood species. type of pulping process and s
efficiency. These determine the composition of the effluents produced. The effluents used
in the study showed some variability, indicating a possibility of wood species being a
contribution factor, since the pulping process remains the same. Secondly. the type of
effluent treatment also influences the chemical mixture of the effluent 1o be discharged
(Lehtinen, 1996). These factors result in pulp and paper kraft effluents containing a complex
of compounds that have different effects on aquatic environment (Mcleay, 1987; Lowell ¢
al., 1995). Thirdly, the effluent was discharged from a holding dam with little retention time
before use for irmigation. A long retention period helps to stabilize the effluent, thus reducing
variability (Grothe ef af., 1996).

The vanability of response also reflected the vanability from the use of a wild population of
indigenous riverine organisms as test organisms. Although the use of indigenous organisms
in toxicity tests adds to realism, and the likelihood that results can be successfully
extrapolated to site-specific management, one of the major drawbacks is the vanability of
response in wild populations (Palmer and Scherman, in press). Toxicity tests were conducted
using field-collected organisms, which constitute a wild population. The test population of
T. tinctus has been subjected to reference toxicants (NaCl and Na,SO,) for several vears
where the acute and sub-chronic toxicity was measured (Palmer and Scherman, in press),
L.C50 values for Na, SO, in terms of EC, ranged from 186-358 mS/m (mean 291 mS'm). [.C'|
and LCS values from the same experiments showed less vanability (1.C1 values for Na SO,
ranged from 22.3-24.5 mS/m; LCS values ranged from 41.5-53.7 mS/m) (Palmer and
Scherman, in press). As LC1 and LCS values are more conservative, the use of these values

may reduce the variability associated with the use of a wild population.



1.6.4 Application of WET testing in South African water quality management
Given that the use of a wild population of invertebrates as toxicity test organisms aims to
provide greater site-specific relevance, it would be useful to consider how the results of this

study can be used in South African water quality management.

Since 1994, South African water resource management has been comprehensively reviewed.
culminating in the National Water Policy (DWAF., 1997a). and the National Water Act (No.
36 of 1998). One of the main principles on which the National Water Act is based is that of
resource protection to ensure sustainahle resource use. Resource protection is effected by the
dual application of resource-directed measures, such as quantification of the ecological
Reserve and sowrce-directed comtrols, such as defining the conditions for heences. In both
these approaches, the SAWOQG (DWAF, 19961), and General and Special Standards (DWAF,

1991), are well placed to provide information for the management of single substances.

Acute and chronic toxicity testing of single toxicants is well established (Rand. 1995), and
is the basis of SAWQG for the protection of aquatic ecosystems (DWAF., 1996f). Guidelines
for the protection of aguatic ecosystems detail the procedure for the use of acute and chromic
toxicity test results in the derivation of water quality management criteria (DWAF, 19961
Roux ¢r af.. 1996). These numerical values can be used to guide and assist in the formulation
of efflucnt discharge licenses, which, according to the National Water Act (No 36 of 1998),
will be stnetly enforced. The use of national criteria for the aquatic environment, which are
expressed as Acute Effect Value (AEV) and Chronic Effect Value (CEV), aims to provide
adequate protection with only a small possibility of over-protection (Roux ¢f al.. 1996). This
however requires information on the tolerances of aquatic biota (Palmer and Scherman. in

press).

However, the government gazette (No 20526 of 1999), excludes complex effluent from the
General Authorization (DWAF, 1999b). thus laying the foundation for a toxicity-based
approach for the management of complex effluents. This is based on the recognition that

complex mixtures have integrated effects on biota, compared with the effects of their



individual constituents (Grothe er al., 1996).

The decision by DWAF to include WET testing into its toxic effluent management policy
(Palmer and Jooste, conf. draft) has necessitated suitable procedures to be established for use
in the South African situation (Slabbert ef al., 1998a; DWAF, 2000). Slabbert ef al. (1998a)
have developed methods for WET testing for use in South Africa. Both ecological field
observations, such as biomonitoring, and toxicological studies, should be used 10 provide a
more accurate assessment of the impact of pollution on riverine organisms (Palmer er a/..
1996). According to Kovacs and Megraw (1996), a toxicological approach is a cost-effective

way of assessing effluent toxicity: acute toxicity testing being the most cost-effective.

This study aimed to investigate the application of WET testing of complex kraft effluents
using indigenous test organisms (o assess the potential effects of these effluents on niverine
ecosystems. The WET would then be used in testing results in the development of hazard-
based guidelines, for the disposal of kraft effluent into the environment. The study represents
a first step in developing WET testing using indigenous riverine orgamisms. WET testing
using indigenous niverine organisms can play an important role in auditing licenses.
Therefore, it is fundamentally important to have some knowledge of the relationship between

the results of laboratory toxicity tests and the actual responses in the receiving water.

Since both effluents were found to be acutely toxic, this study suggests that the kraft mill
should focus on Environmental Risk Assessment (ERA) as a tool for environmental
decision-making. It may help the management curb the high cost of climinating
environmental risks associated with effluent impacting on the aquatic environment. It is
difficult 1o assess the impact of this whole effluent, as the effluent is not discharged into the
river but is used for irrigation. To be conservative. a move toward zero effect would be ideal
because of the long-term effect of changes in the groundwater. High levels of sodium and
sulphate are of concern, as they can accumulate and affect groundwater. 11 the groundwater
with high sulphate and sodium i1ons reaches the in-stream environment, it will contnibute to

high salinity. Salinity is conservative, and therefore, if resource protection is the goal,
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attention should paid to the consequences of irrigation. An increase in turbidity and SS

reduces light penetration, decreases primary production and food availability to organisms
(Dallas and Day1993).

To conclude, the results of the study can be of use to the management of the Mpumalanga
kraft mill. There is a clear indication that both GKE and IKE are variable and acutely toxic.
Although the mill is using partly ozone and partly chlorine dioxide for bleaching. irmigation
cffluent is still toxic. This gives an indication that organochlorines are not the only possible
contributors of toxicity. The fact that there is no secondary biological treatment before the
cffluent 1s used for irrigation could be contributing to the toxicity. The studies reviewed in
this Chapter have indicated that secondanly treated effluent is less toxic and even non-toxic
to aquatic biota. Groundwater has been shown to have some lethal effects to aquatic biota
at high concentrations, which indicated that it is impacted by the immigation effluent. This is
an indication that there is a probability that irrigation of kraft effluent will impact on the

Elands River. However, more work needs to be done to contirm the toxicity of groundwater

in the arca.



CHAPTER 4

INVESTIGATING THE EFFECTS OF TEXTILE MILL
EFFLUENTS ON BAETID MAYFLY NYMPHS OF THE
BUFFALO RIVER, EASTERN CAPE

4.1 INTRODLCTION

4.1.1 General
The effective use of freshwater supplies is impaired through water quality
deterioration associated with the discharge of untreated or partially treated wastewater
into the environment. Continuous discharge of efTluents to the environment therefore
has long-lasting effects, and may also have social impacts, as downstream users
become affected by the poor quality of water. There is a need to safeguard the quality
of freshwater supplics and to reduce freshwater use by industry. thus controlling
industrial discharges into the environment. It is therefore also important to treat
effluent before it i1s discharged to the environment to minimize the impact. The
National Water Act (No. 36 of 1998) is placing considerable responsibility on
industries to optimize their water use and to treat their effluents before discharge 0

the environment [Section 22(2)(¢)].

The textile industry is faced with serious problems due to the nature of its effluents
Textile processing plants utilise a wide range of dves and other chemicals such as
acids, salts, detergents, enzymes and bases. Many of these are not retained in the final
product and are discharged in the effluent, which ultimately enter the environment.
Many of the substances in wastewater are not degradable by sell-purification
processes and conventional treatment (Davies and Day, 1986). Textile eflluent
discharged into sewage treatment works causes colour and chemical oxygen demand
(COD) problems, and those discharged into the environment introduce a high

percentage of colour, COD and salimity (Buckely er al., 1990).



In order to place this study in the context of both the Whole Effluent Toxicity (WET)
testing approach and international trends in the management of textile effluents, this
introductory section begins with a general description of textile effluent, and details
the steps in the textile process, with specific reference to a textile factory in the
Eastern Cape, South Africa. A general review of investigations into the effects of
textile effluents on the freshwater aquatic environment is also included. In this
Chapter the use of WET testing to evaluate the response of an indigenous niverine

mavily population to textile effluents is reported.

4.1.2  Textile effluents

General characteristics

The textile industry in South Africa is recognised as one of the largest water users,
and produces the highest volume of industnal effluent (Trivedy and Gudekar, 1987,
Gravelet-Blondin e af, 1997). Large amounts of water arc required for wet
processing and the vast quantities of wastewater produced are extremely variable in
composition and pollution load (Correia er al.. 1994). The pollutants in the wastewater
arise from the removal of impurities from the raw material and the residual chemical
reagents used for processing. The composition of wastewater from textile plants is
complex and varies according to the process used at a plant, as well as depending on
the fabric and vams processed. The strong colour of textile wastewater is the most
obvious indicator of water pollution; the degree of colouration dependent on the
colour or shade dyed and the type of dye used (Steffen er al., 1993; Carliell er al.,
1996). The colour. which is a visible source of pollution, is perceived as harmful. It
the colour is not properly dealt with, 1t can interfere with light penetration, thereby
inhibiting or impairing biological processes such as photosynthetic action (Samira and
Doma, 1989; Buckley. 1992; Meyer er al, 1992 Lin and Lin, 1993; Gravelet-Blondin
etal., 1997).

The removal of dyes from textile effluents is problematic as biological treatment

processes are not effective in removing colour (Meyer e al., 1992, Correia ef al..

1994; Carliell ef a/., 1996). Reactive dyes are the most difficult to remove due to their
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solubility as they pass through biological sewage treatment systems and enter the
receiving water (Lin and Lin, 1993; Carliell er al., 1996). Dyes and surfactants
predominate in textile effluents, as they are not fully retained in the final product. Azo

dyes such as Orange 11 (C5H,;OsNaSN;) represent the largest group of textile dyes.

The textile effluent contains high but variable concentrations of Biological Oxygen
Demand (BOD), and Chemical Oxygen Demand (COD) (Buckley, 1992 Orhon er af..
1992; Correia ef al., 1994). Dissolved Oxygen (DO) is almost zero. Total Dissolved
Solids (TDS) and Total Suspended Solids (TSS) are usually high in the effluent.
Temperature is relatively high due 1o hot rinse water.  Effluents are highly alkaline
with a pll range of 8.2 10 12.2. Chromium is also gencrated from the chemical

material used in the dyveing process (Germirli e al., 1990),

Sodium hydroxide is used extensively in the textile industry, resulting in high
concentrations of chloride and sodium in the effluent. The discharge of industrial
effluents containing sodium hydroxide is problematic since these effluents contnibute

to the mineral enrichment and increasing salinisation of the receiving waters,

The manufacturing process (raw material and final product)

The production sequence for textiles is shown in Figure 4.1. There are three main
processing stages of fibres: fibre pre-treatment, dveing and finishing. The fibre pre-
treatment prepares yarns and fabrics for dyeing by removing foreign impurities and
assuring good wettability, the required whiteness and high dye intake. There are both

dry and wet processing stages.

‘ibre pre-treatment
1. Blending and spinning (Steps 1 and 2)
First the raw fibre is sorted and cleaned before being blended as required. Raw cotton
and polyester staples are then blended together. The fibres are drawn up into yarn and
twisted (spinning). From here, the yarn goes for sizing where enzymes are added 10
provide protection from abrasion during weaving. The yam is then washed in hot

water counter-current washing machines. Effluent is produced at this stage. The vamn
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is sent for weaving, which takes place under controlled high-humidity conditions to
minimize the breaking of yamn. At this stage, which is usually a dry process. the yarmn
is converted into fabric. Desizing follows after weaving, where the sizing agent
(enzymes) is removed (Correira er al., 1994).

I S—
RAW L3 'o!'(ut'.!l..::;‘:‘*ﬂkn "
MATERIAL

-— 3 ——

[ g | S
B — | =]
l [ oo | ®?

{maee] e

YARN PROCESSING (ocbidng dynng
L-. woven fabnc knatted (et nom woven Libec J

— e

ey

[ FANRIC PROCESSING (o hadng fnhony

o '

|
r (.3 r v

R e e B Rl

Figure4.1 A flow chart of the textile production sequence in the textile
manufacturing process (Steffen ef al., 1993).

2. Scouring (Step 3)
The yam/cotton is scoured to remove natural waxes, spinning oils and other non-
cellulosic compounds, using hot alkaline solutions (NaOH) containing detergents or
soaps. Raw wool scouring is the highest-polluting process with large volumes of
concentrated wastewater being produced. A typical effluent contains wool grease, dirt
(from sand. fibre and vegetable matter), and suint salts (salts produced by natural
excretions). The COD of the effluent can be as high as 50 000mg/! (Towsend ef al..
1989). Organochlorine compounds and organophosphates, which are used as parasite
control agents by sheep farmers, are found in significant quantitics in raw wool
scouring cffluents (Shaw, 1994). The non-biodegradability of many of the impurities
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in scouring wastewater affects the proper operation of biological treatment systems
(Correia ef al., 1994). The disposal of the effluent is mainly by solar evaporation and
direct discharge into water resources. Both these methods have become unacceptable

due to their environmental impact (Towsend er al.. 1989).

3. Bleaching (Step 4)
Bleaching aims to remove the natural yellowish colouring of cotton fibres thereby
increasing its whiteness. Hydrogen peroxide and sodium hypochlorite are used as
oxidizing agents. H;SO,, HCIl and NaOH are also used during bleaching and final
rinsing. Afler the fabric has been bleached, it is taken for mercenzing where the tabric
is treated with NaOIl to increase dye-ability and impart sheen. The fabric is then
washed with a weak organic acid in order to neutralize the fabric. The effluem
produced is highly alkaline, is at high temperatures and has high residual
concentrations of sodium hydroxide (Steffen ef ¢l.. 1993). From here, the fabric is sent

for cither printing or dyeing.

From bleaching, the fabric goes for dyeing and/or printing. Dyeing may be carried out
in a batch or continuous process. Textile processing involves a wide variety of dyes
and the fibre concemed determines the selection of the dye. Effluents from batch
dyeing of cotton with reactive dyes are usually high in dissolved solids. as the process
demands a high concentration of salts and sufficient alkali to raise the pH to 12
(Corrcia ef al., 1994). Ninety percent of dyes end up in fabric, with the remaining 10%%
discharged to waste stream (Porter, 1978 cited by Maguire, 1992). Large quantities of
cfMuent are produced at this stage. Some fabric is sent for printing, where designs are
added.

Finishing

Finishing processes involve impregnation of the fabric followed by fixation, heat, and
washing 1o remove residual chemicals. The processes improve the stability of the
fabric and impart properties such as stain and shrink resistance. moth and fireproofing.

Although the volume of effluents produced is low, they are extremely vanable in
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composition and can contain toxic organic substances such as ethylchlorophosphates
and pentachlorophenols (Correia ef @l 1994). Dyeing-finishing works are heavy water
users and their effluents contain synthetic dyes, surfactants and various additives
(Timofeeva, 1991).

Generally, the effluent streams discharged from textile mills include wool scouring
effluent, textile soaping effluent, effluents from dyeing. bleaching and acrvlic
emulsion effluent (Townsend er al.. 1989). As mentioned in Step 3, effluents from
wool scouring contain mainly grease. dint (sand, fibre and vegetable matter) and suint
salts (1.¢. salts produced by natural excretions) (Correla er al., 1994). Wool scourng
produces an effluent considered to be the most polluting of textile effluents
(Townsend e al., 1989, 1992). Textile soaping effluent produced in the cleaning
process after dyeing and printing, contains dissolved and colloidal dyestufls,
detergents and some salts. Polyester/viscose effluent contains both soluble and

colloidal dyestuff, acetate, alkali, salts and organic auxiliary chemicals (Townsend ¢/
al., 1992).

The production of these strong caustic effluents, with the mills not meeting water
quality guidelines, resulted in the initiation by the Water Rescarch Commission
(WRC) of investigations into development of technologies. The application of these
technologies would alleviate discharge problems (Buckely e af., 1990).

The majornity of textile effluents are discharged and treated in local sewage treatment
works. Treated effluent can be disposed of by irrigation, or discharged directly into a
river or sea (DWAF, 1999). Effluent discharged by sewer must meet set standards that
comply with the requirements set by the local authority. These requirements in turn
must comply with DWAF standards. However. where effluent is discharged directly
into the marine environment, the river or discharged for irrigation. the mill must have

a license from DWAF as a water user.
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Textile effluent trearment

Biological treatment processes such as aerated lagoons and conventional activated
sludge processes are frequently used to treat textile effluents and are efficient in the
removal of suspended solids and COD, but not colour. Adsorption appears 1o offer
the best prospect for overall treatment and promises also to be cffective for the
removal of colour (Meyer er al , 1992: Altinbas ef al., 1995). Davies and Cottingham
(1994) found that the visible colour of the textile effluent was reduced as the effluent
passed through wetland beds. Ozonation and chlorine were also found to be highly
effective in removing colour (Lin and Lin, 1993: Tdnay ef al.. 1996). Although ozone
residuals are toxic to aquatic organisms, they are rapidly reduced in wastewater, hence
unlikely to be found in the final discharge. For high strength dyes, ozonation 1s used to
remove colour and reduce turbidity, in combination with chemical coagulants such as
aluminium sulphate (Lin and Lin, 1993). Chlorine is more effective at lower pHl, but
there are concerns about the effects of residuals and by-products on the aquatic
environment (Nicolaou and Hadpvassilis, 1992). Trivedy and Gudcekar (1987) found
the water hyacinth to be very efficient in treating textile wastewater: the treatment is

attributed 1o microbial activity.

4.1.3  Effects of textile effluents on aquatic environments
It appears that the effects of textile effluents on aquatic environments have not been
well researched. More focus has been placed on effluent treatability. A few studies
have indicated that textile effluents have negative environmental impacts. The free
chlonne gencrated during the bleaching process is toxic to microorganisms, which are
responsible for the self-cleansing of receiving waters (Davies and Day, 1986;
Whitchurst and Lindsey, 1990). Chlorine and chloride have also been found to be
acutely toxicity (DiGiano er @l., 1992, Williams, 1996). Organochlorine compounds
and organophosphates used as parasite control agents end up in the effluent, and
render it toxic (Shaw, 1994). Unionized ammonia (NH;) has been reported as a source
of toxicity (Doi and Grothe, 1989 cited by Wells er al., 1994); Dallas and Day, 1993;
DWAF, 1996f). In the studies by Wells er @/ (1994) and Everitt (1999), zinc was

identified as the major contributor to acute D). pulex toxicity. Metals present in



effluents arc also casily available to the organisms, as they do not easily degrade
(Cooper, 1993).

A limited range of studies has recorded investigations of the biological effects of
exposure 10 textile effluents. The colour of the effluent is damaging to the aesthetic
nature of the receiving waters, and toxic to aquatic life (Nawar and Doma, 1989,
Mever ¢f al.. 1992). Dyeing and printing effluents are known to be potent inhibitors of
various enzymes, including membrane bound ATPase, an enzyme responsible for the
movement of ions across the membrane (Kundus ef al.. 1992 cited by Chhava ¢r al..
1997). Chhaya er al. (1997) found liver shrinkage of the mudskipper Periophthalmus
dipes after exposure to dyeing ceffluent. A fish brain study showed a progressive
inhibition in the activity of Na”™ and K'- ATPase, which interfered with the potassium
ions influx and sodium ions efflux from the cell. The inhibition of Ca*'-ATPasc and
Mg’ -ATPase reduced the uptake and transport of Ca’" and Mg®', which are
responsible for muscle contraction (Chhaya er al., 1997). Ozoh (1984) found dyeing
effluent to be very 10xic 10 Hippopera nigeriae, the Nigenan earthworm.

Organics in 1extile effiuent, have high proportions of solids, which can rapidly blanket
benthic habitats thus depriving organisms of light and therefore limiting primary
production. Organic waste can also reduce DO concentrations in receiving water
(Cooper, 1993). Fine particles interfere with the filter-feeding functional group of
macroinvertebrates (Mayack and Waterhouse, 1983).

4.1.4  Aims and approaches of the study

This study aims:

* toinvestigate the potential effects of textile effluent on indigenous riverine mayfly
nymphs (Family: Bactidae), from the Buffalo River;

e 1o investigate the use and practicality of bactids as test organisms for setting water
quality guidelines to protect the aguatic ecosystems from adverse effects from
pollution;

e to report on the relative toxicity of general and post-irrigation textile effluents; and

e 10 provide a set of hazard-based guidelines which relate textile effluent toxicity to
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niver health,

Since the effluent reaches the river via overflow and seepage from the Tailwater Dam,
a sub-lcthal toxicity test was conducted using effluent from the Tailwater Dam to
ascertain its toxicity. The efMuent proved not to be acutely toxic. Chapter 4 therctore
comprises an evaluation of the toxicity of General Textile Effluent (GIE) from a
textile mill in the Eastern Cape, SA. using an acute WET approach: and a preliminary
application of a site-specific, hazard-based guideline development procedure. The
study involved acute WET toxicity testing during two successive summer periods, as

well as during one autumn and winter period.
4.2 THE TEXTILE INDUSTRY IN SOUTH AFRICA

4.2.1  General

The South Alrican textile industry was established in the first hall’ of the twentieth
century, and by 1939 was providing 3 500 jobs (Textile Federation, 1994 cited by
Gilfillan, 1997). By 1960, there were about 65 textile factories producing knitted
fabrics, cotton-based yvarns and woven fabrics in South Africa. indicating a fast
growth in the industry. The economic instability in South Africa has had an impact.
retarding the trend of growth, and in 1996, there were approximately 70 textile
factories registered with the Textile Federation (Gilfillan, 1997).

The South African textile industry is the sixth largest employer in the country
(Gravelet-Blondin ¢f @/ . 1997). and had fixed assets worth over R 2 billion in 1996,
with R 7.9 billion in sales per year (Keller, 1996 cited by Gilfillan, 1997). The
introduction  of environmental performance indicators such as  International
Organisation of Standards (ISO) 14 000, has made it difficult for the industry o
export unless textiles are manufactured in accordance with environmental legislation
(Gravelet-Blondin ¢f al., 1997). South Africa is lagging behind in the implementation
of pre-treatment technology. as the relevant government departments have not been
enforcing compliance. With the new legislation (particularly the National Water Act

(NWA) No. 36 of 1998) in place. textile industries are now forced to look for cost-
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effective methods for treating their effluent. Pre-treatment of the effluent may ensure
that discharge to municipal sewers is of a fair effluent quality, which may result in
reduced ariffs (Gilfillan er al.. 1997).

In South Africa, the textile industry generally consumes large quantities of water and
produces large volumes of effluent. About 70 to 80 % of the intake is discharged as
textile effluent (Steffen er al.. 1993). Most of the textile factories in South Africa are
poorly equipped 1o deal with modern discharge limits, particularly with regard to
dissolved sohds, pH. 1onic salts, colour and heavy metals, as design specifications did
not take account of environmental considerations (Steffen er al., 1993). This has
resulted in textile effluents impacting heavily on our water resources, thus affecting

the quality of the receiving water.

Scctions 21 (a) and (1), of the National Water Act (No. 36 of 1998) require that water
use be licensed, unless it is listed in Schedule 1 (NWA, 1998, Sections 4(1) and
22(1 axi)). Schedule 1 lists the water users that are exempted from licensing and are
issued with the General Authorization. The General Authorization is blanket
permission for water users to either abstract, store water from a water resource, o
irrigate any land with wastewater or to discharge wastewater into a water resource. It
is granted only if the water quality aspect of the activity is within the limits and
conditions set out in the authorization. The NWA also requires wastewater 1o be
returned to the source, but the wastewater must meet minimum quality standards for
cffluents. The majority of textile industries discharge to sewer, and therefore their
effluents must comply with standards set by Local Authorities as well as standards sct
by the DWAF. The effluent quality is specified in General Authorization document
(DWAF, 1999). Due to the variable and complex nature of textile effluents, biological
treatment does not sufficiently treat the effluents, resulting in colour and substances
such as solvents and salts passing through the works and into the aquatic environment
(Gravelet-Blondin er al.. 1997).



4.2.2  Case study: A textile factory in the Eastern Cape
The textile factory used for this study is one of the largest industries in the Eastern
Cape. It is unique in that the effluent produced is not discharged directly into the nver
system, but is used mainly for irrigation. The rest of the effluent is discharged into the
Sewage Treatment Works. The mill receives good quality water from the Rooikrantz
Dam (DWAF, unpubl. data). About 3.5MI/d of combined effluent are produced.
currently 0.4 MI/d of this effluent is discharged into the sewer; 0.5MUd is sent to

evaporation ponds and the rest is used to irrigate grass pastures.

I'he plant produces three types of effluents (Figure 4.2):

e domestic effluent which goes to the Zwelitsha Sewage [reatment Works:

e high salinity effluent mainly from the scouring process, which goes 1o a series of
caustic evaporation ponds: and

e the main factory effluent, which is used for irrigation,

Flow of effluent from the factory

A detailed diagram of the flow of textile effluent from the factory is shown in Figure
4.2. From the plant, the untreated main factory effluent goes into settling tanks, and
overflows via a channel into a distribution dam. From this dam, the effluent goes
through a splitter-box, which directs the effluent either to the irrigation canals. or 1o a
balancing dam with a 14 day-retention period. Generally, the effluent is channelled
directly through the imgation canals for flood irrigation. Some of the effluent
channelled to the balancing dam is sent back to factory for caustic recovery, and the
rest is used for spray imgation durning the day. Any run-off from irrigation and
overflow collects via the Mlakalaka stream into the Tailwater Dam. The effluent from
the Tailwater Dam is spray-irrigated on kikuyu to reduce the dam volume. thus
preventing overflow down the Mlakalaka stream and into the Buffalo River. However,
the effluent seeps through the dam wall. running down the stream and into the Buffalo
River. Duning wngation, evaporation takes place and the remaining water, which

contains high salt loads, returns via surface flows or groundwater to the river.
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The textile factory occasionally discharges a coloured effluent into the Buffalo River
via overflows into the Mlakalaka stream. There is also constant seepage below the
dam. Together with the King William's Town Tannery, King William’s Town and
Zwelitsha Sewage Treatment Works, the textile factory contributes to a salt load
increase in Laing Dam (Buckely er al, 1985, O'Keeffe er al.. 1996), situated about

7km downstream of the factory (Figure 4.3).

4.3 STUDY SITE

4.3.1  Introduction
Test organisms and test water for toxicity tests were collected from the Buffalo River.
The site for the collection of test organisms was selected because of its position n
relation 10 point or non-point sources in the catchment (Figure 4.3), 1.¢. good quality
water, test water and test organisms from an upstream unimpacted site. resulting in
test organisms not pre-exposed to pollutants or effluent. The site was also selected as

niffle-dwelling test organisms were present in abundance

4.3.2 Buffalo River

CGeneral description of the Buffalo River catchment

I'he Buflalo River provides water to a rapidly growing population in the areas around
East London and King William’s Town, despite being highly impacted by both point
and non-point pollution sources. Laing Dam (Figure 4.3), the largest impoundment on
the Buffalo River. receives treated effluent from the llitha, Breidbach and Bisho
Sewage Treatment Works via the Yellowoods River. The dam acts as a large settling
pond and nutrient levels downstream of the dam are considerably reduced (O'Keefle,
1989; Palmer and O'Keeffe, 1990a; Dallas and Day. 1993). Continuous abstraction
along the Buffalo River for urban-industrial use and irrigation Keeps flow rates low
during dry scasons. Streams such as the Shangani, Tindeli and Sitotana, which collect
water run-ofT and wastewater from sewer pipe-burst and stormwater drainage arcas in
the Mdantsane Township (outside Fast London). discharge into the lower reaches of

the nver. However, this problem has recently been drastically reduced by good
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management by the East London Municipality. The run-off contributes to high faecal
coliform counts, and eutrophication by blue-green algal blooms in the Bridledrift Dam
(Hart, 1982; Selkirk and Hart, 1984; DWAF, unpubl. data).

Topography and geology

The Buffalo River is short (140km), steep and deeply incised along most of its course
10 the estuary . It runs in a south-casterly direction and drains into the estuary and then
into the sea at East London (Figure 4.3). The river flows through several vegetation
tvpes. The geology of the catchment consists mainly of sedimentary rocks of the
Lower Beaufort Series of the Karoo System, with a few dolerite outcrops (Hart, 1982,
Stone, 1982).

Vegeration

The natural histonical vegetation of the Buffalo River catchment consists of five main
tvpes: small arcas of False Macchia at the summit of the Amatole Mountains,
Yellowood forest on the slopes of the mountains, False Thornveld (dominated by
grassland and Acacia karoo) which covers the middle catchment from below
Rooikrantz 10 Brndlednft Dams, Valley Bushveld in the immediate river valley, and
the Coastal Forest and Thomveld in the lower reaches (O'Keeffe er al.. 1996). Most of
the vegetation has been destroyed. leaving only forests in the upper and lower parts of

the catchment, which cover an area of approximately 140 km® (O'Keeffe er al., 1996).

Land-use

The upper arca of the river catchment is important for timber, nature conservation and
recrcation (hiking and angling), and generates 42% of the total run-off of the river
(O'Keefte, 1989). Land-use in the upper middle area of the river is trout fishing and
agriculture (mainly grazing and irmgated market gardening). Tannery and textile
industries are situated in the middle reaches of the Buffalo River, and their effluents
irmgate the grass pastures. Although the effluent is used for irngation, the run-off and
seepage enter the Buffalo River. These effluents contribute to the increase in natural
salimsation in the Buffalo River, as they contain high levels of TDS. chloride and

sodium (DWAF, unpubl. data). Two Sewage Treatment Works, King William’s Town
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and Zwelitsha, are also situated in the middle reaches, and are discharging their
treated effluents into the Buffalo River thus contributing to increased phosphate
levels. Another two Sewage Treatment Works, Mdantsane and Potsdam, are situated
in the lower middle reaches of the Buffalo River, and their combined effluents are
also discharged into the river below the Bridlednft Dam. The lower reaches are
mainly used for grazing and agriculture. Bridledrift Dam is also used for recreation

such as fishing and boating.

433 Water quality
The Buffalo River headwater stream is typical of a mountain stream, with turbulent.
clear, good quality water that is free of silt and rich in oxygen. The upper muddle
reaches of the river, where the sampling site for this study is located, has low saliniy
levels compared to the downstream stretches of the river. Generally, pH is normal and
TDS is relatively low, although there is a progressive increase of TDS/salinity as the
nver flows towards the estuary, due 10 saline effluents that are discharged imo the
river (Sclkirk and Hart, 1984: DWAF. unpubl. data). Nutriemt levels are largely
insignificant (based on the results of Table 4.2). Generally, the water quality appears

to be good in the upper middle reaches of the river.

From the middle reaches down the river, the water quality deteriorates. The major
water quality problems are salinisation and eutrophication in the Laing and Bridle
Drift Dams, and faccal contamination in Bridle Drift Dam (Selkirk and Hart, 1984:
DWAF, unpubl. data). Recently (Oct/Nov 1999), Laing Dam has been experiencing
blue-green algal blooms, which may be due to the severe drought and very hot

weather (Kooverji, pers. comm.).
4.4 MATERIALS AND METHODS

The methods used are detailed in Chapter 2, and only those specific to the textile mill

eMuent experiments conducted in the Zwelitsha laboratory are detailed in this section.



4.4.1  Collection of test organisms and experimental medium
A preliminary investigation of the Buffalo River revealed that baetid nymphs were in
abundance in an unimpacted area upstream of King William's Town. Their absence in
the polluted downstream section of the river could indicate their sensitivity 1o
effluents released downstream. Although present throughout the year. the abundance
of baetids appeared flow-related. Field investigation during winter months showed
very few bactids present, probably related to reductions of flow. Reduced flow
conditions can induce organisms to release their hold on the substrate and swim into
the water column (Minshall and Winger, 1968 cited by Corkum, 1977). During some
summer months, mayfliecs were swept away by heavy flows, which would be

expected, as baetids rely on claws and swimming to resist currents (Hynes, 1960).

Bactid (Ephemeroptera) nymphs  were collected from shallow, rocky, niffle areas in
the Buffalo River downstream of the Rooikrantz Dam (Figures 4.3 and 4.4). This site
was chosen as it was considered “unpolluted™ and not impacted by any effluent or
point source discharges. It is also one of the sites used by Palmer and O'Keeffe
(1990a.b) during the Buffalo River Programme conducted at the IWR from 1986 10
1988, The nymphs of bactid mayflies were selected as test organisms because other
researchers and institutions such as US EPA, American Standards of Testing
Matenals (ASTM) (Persoone and Janssen, 1993), and the IWR (Palmer er al., 1996;
Williams, 1996 Binder, 1999) used them routinely, and they were in abundance.

After collection from the test site (Figure 4.4), the test organisms were transported a
distance of about 20 km to the Zwelitsha laboratory for sorting. As bactids are
extremely sensitive to handling and can be easily damaged (Palmer er al., 1996,
Williams, 1996), handling was kept to 2 minimum. After sorting. about 30 o 40
organisms were placed in each artificial strecam system. Since the bactids from the
sampling site appeared to be a mixed population, and 1t is not possible to speciate
bactids live, a great effort was made to select similar-looking organisms so as to
increase the probability of using a greater percentage of the same species. The
nymphs with wing-buds were not used, as they would probably emerge during the

expenment.



Buffalo River water was collected in 25 litre plastic containers from the same sile
where the test organisms were collected. River water was used as test diluent as well
as control medium. It was analyzed by IWQS before the start of the project to

ascertain its suitability for use as test medium. Physico-chemucal analysis results

indicated good water quality (Section 4.5.1, Table 4.2).

Figure 4.4  Sampling and collection site in the Buffalo River during low flows,

The textile effluent used as the toxicant was collected from two points: i) the settling
tanks before irrigation (Le. General Textile Effluent), and ii) post-irrigation from the
Tailwater Dam weir after irrigation. General effluent is therefore the cffluent directly
from the mill, excluding caustic eflluent and sewage eflluents. Post-lrrigation Textile
Effluent is the seepage and run-off from the irrigated land that collects in a holding
dam, the Tailwater Dam. The results of chemical analyses by I'WQS are presented in
Scction 4.5.1, Table 4.2. Grab samples were taken in 25 litre plastic containers, Grab
samples were preferred for acute toxicity testing since the effluent was highly variable

(Burton ef al., 1996).
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4.4.2 Experimental approach

Laboratory design

Twelve recirculating artificial streams, the channels (Figure 2.1), were set up at the
Zwelitsha Scientific Services laboratory near King William's Town, which is under
the control of the DWAF in the Eastern Cape region. Laboratory temperature was
controlled with the use of a Panasonic room air-conditioner, Model CW-AY0FN, and
maintained between 16°C and 22°C (mean = 19.4°C. standard deviation = 2.3°C).
Maintaining the laboratory temperature at a smaller range was difficult due to the
fluctuation in ambicent temperatures. Lighting was maintained at a 12:12 hour
light:dark cycle with OSRAM biolux tubes providing wavelengths of light similar 1o
sunlight (Palmer ef al., 1996).

Experimental stream systems and experimental procedure

The channel stream systems used for toxicity tests are descnibed in Chapter 2. After
an acclimation period of 36 hrs, 96 hr acute and 7 day sub-chronic toxicity tests were
conducted. The Buffalo River water was used as test water, the textile effluent as
toxicant, and the baetids as test organisms. For general experimental procedure refer
to Chapter 2. Test organmisms in channels were exposed to increasing percentages of
textile effluent (Table 4.1) in a regression design (Section 2.5), with one channel used
as a control. During Experiment 7 (a 7 day sub-chronic toxicity test), the test medium
was replaced with freshly prepared test medium after 96 hours to reduce the build-up
of toxins and metabolites, such as ammonia, in the water (Coler and Rockwood,
1989). All the preserved test organisms were sent to the IWR at Rhodes University for
identification by Mr. KM Soxujwa, as it was difficult to identify the organisms before

the start of the experiment.

Water quality analyses

The whole effluent was chemically analysed by the IWQS at the start and finish of
cach experiment to provide information on chemical composition, and to determine
the vanability n the measured vanables over time, and between individual

experiments. Daily measurements of pH, temperature and EC were routinely taken in
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cach cxperimental channel. The Amel digital conductivity meter (model 160, graphite
electrode model 193) was used for EC measurements, and the Knicks calimatic pH

meter 601, for pH readings.
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) — — o — . - - —— — *——
o GIE
3 Acute AR 1.3,10,15.20,25,30,50 074051998 '
. i EPY WP
4 1.3.5.10,15.20,25.30.50 11 051998
5 0.5.1.3,5,10,15 15051998
A I S ) .
6 Acute Post-Irrigation 1.3.10.15.20,25,30.50 21-05-199%
—— Textile EfMuem ==l
7 Sub-chronic (PITE) 1,3.5,102030.5060.75. 100 02-06-1998
. o | .
General Texule | I
8 Acute 1,3,5.10,15,20,25,30,50,100 . 11-11-1998
Effluent (GTE) I
L — A
Data analysis

The experiments were set up using a regression design with one channel at cach
dilution, plus a control. The Probit and Trimmed Spearman-Karber methods were
used to calculate 1.C50 values. as described in Chapter 2. The Probit method was

preferred as it also provides LC1 and LCS values. These values were used to derive

the Acute LfTect Values (AEV) (Section 2.9.4) (sce DWAF (19961) tor methods). The

AEV, LCIL. LCS, and the associated 95% confidence limits were used to apply the

hazard-based approach of Palmer and Scherman (in press). This approach links

toxicity test results to river health classification (DWAF, 1999a; Kleynhans, 1999).
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4.5 REsLLIS

In this the study attention was paid to the toxicity of two textile effluents: (i) general
textile effluent (GTE), and (i) post-irnigation effluent (PITE). Six 96 hr acute tests
were conducted using GTE, and 1 acute and sub-chronic test using PITE. The PITE
effluent reaches the niver via an overflow from the Tailwater Dam weir down the

Milakalaka stream,

4.5.1  Chemical composition of Buffalo River water and textile effluent
Table 4.2 presents a physico-chemical analysis of Buffalo River water, collected at
the sampling site used for this study in 1997, at the start of the study, and textile
effluents (GTE and PITE), for 8 samples collected in 1997 and 1998. Chemical
analysis was conducted by IWQS. Effluem data are presented in ranges. A
comparison of all 100% textile effluent samples is presented in Tables 4.12 and 4.13.

These wables also give a total picture of the variability of textile effluent batches.

As shown in Table 4.2, salts are a major component of the textile effluent, particularly
sodium ions. This is to be expected as NaCl is used heavily during fibre processing.
Total Dissolved Solids (TDS) and electrical conductivity (EC) were about |5 and 20
times higher than the receiving water respectively. According to the South African
Water Quality Guidelines (SAWQG) for Aquatic Ecosystems, TDS should change by
not more than 15% from the normal cycles of the water body under unimpacted
conditions (DWAF, 19961). The PITE had higher chlorides, calcium and phosphates
levels than the GTE. Higher chlonde levels could be due 1o accumulation on the soil
surface during iwngation, followed by washed-off into the dam. Generally, the nutnient
levels were low. Trace metals such as copper (Cu). zinc (Zn) and iron (Fe) were
slightly higher than recommended standard limits for irngation with effluent (DWAF,
1999h). This could be expected, as the fabric goes through copper roler printers
duning printing. The effluent was characterised by a blue-black colour, soapy to touch

and smelt of ammonma.
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Tame 4.2
COMPARATIVE PINYSICO-CHEMICAL CONSTITUENTS OF RIVER WATER AND TENTILE EFFLLENT
(EXPRESSED IN MG/L), EASTERN CAPE FACTORY SAMPLES COLLECTED FROM THE GENERAL
EFFLUENT STREAM (1997 AND 1998) AND EFFLUENT FROM THE TAILWATER DAM (POST- !
IRIIGATION EFRLUENT) (1T998) FOR ACTTE (96 HR) AND SUB-CHRONIC (T DAY) TOXICITY
TESTING. DATA IS PRESENTED AS RANGES ANDWAS ANALYZED BY IWOS, * BELOW DETECTION

L
i | oy | e | e
FC (mS/m) 152 183.0 - 2470 323.0-256.0
Ll 87 16070 - 2173.0 20850 - 21470
pht 77 $2-86 78-89
SO 50 2270-273.0 22802620
AL 70 968.0 - 829.0 £29.0
- 13.0 114.0 - 1440 3320-341.0
G 1.0 3.0-6.0 17.0- 190
K 40 16.5-333 20-210
Ne' 11 4850-6310 590.0 - 6160
NH."-N 80 29.208 03.07
NOy +NO, -N <0.04* 0.30-1.30 0.10-0.30
PO,”-P <0040 <0.005* 1 801,90
8 003 <0.005* 010
cr <0D.005* <0.005* <0.008
Cu™ “0.005* <0.005 - 0.40 <0.005 - 0.30
Fe" 0,005 0.90 -1 10 0.70 - 0 80
ol o <0.04 - 030 <0.04 - 0.30
.l - 0.10-1.70 <0.005 - 1.60

4.5.2  Comparison of Probit and Trimmed Spearman Karber (TSK)
LCS0 values

A total of seven acute WET tests and one sub-chronic WET test were conducted using

textile effluent as the toxicant, and bactids as test organisms, The 96 hr LOSO values

and their 95% confidence limits were calculated using both Probit analysis and the

Trimmed Spearman-Karber (1TSK) method (Chapter 2). and are graphically presented

as cumulative mortality and concentration-response curves (Figures 4.5 - 4.20). The

Probit method was preferred as it provides L.C1 and LCS values, which were used in
the calculation of the Acute Effect Value (AEV) for hazard-based assessments, A
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detailed account of the results for each Probit and TSK analysis is provided in
Appendix B. Table 4.3 shows LC50 values from Probit and TSK analyses together
with 95% confidence limits, for individual experiments, during WET testing. The
table shows that for Experiments S, 6 and 7, both Probit and TSK analyses were not
appropriate, and for Experiment 2, only TSK analysis was appropriate. The chi-square
values were similar and low for all GTE batches, indicating that there were
insignificant differences between observed and expected values and that the Probit
method was appropriate for data analysis.

TABLE 4.3 '
LOSOVALUES AND CONFIDENCE LIMITS FOR BAETIDS IN TEXTILE EFFLUENTS, RESLLIS
ANALYSED USING THE PROBIT ANALYSIS PROGRAM VERSION L4 AND 1HE TRIMMED
SPEARMAN-KARBER METHOD (HAMILTON £7 AL, 1977) (LCLALOWER CONFIDENCE LIMITS
! LOLS UPPER CONFIDENCE LIMITS ' = CHESQUARE)

—_—

e Type - Probit Trimmed Spearman-Karber
number |

. | LCL | UCL ICL | UCL | %
. ‘[ o
| ("cncralj‘ 25 21 28 7 24 19 29 | 0
= —_— N -
' 2 _ | PROBIT METHOD NOT APPROPRIATE 7 4 12 TER
B . Texule | - -
3| T 1

’ Effvem | 11 | 9 3 | 8 | o | 8 | 12 | 4

) |

4 (GTE) ! 6 4 .8 8 S _il -t_ 7 R

s |
B Pos |

6 - : x N—
[ " Irrigation PROBIT PROGRAM NOT SPEARMAN-KARBER METHOD NOT

I Textile APPROPRIATE APPROPRIATE
7 Effuent
(PITE)

| N GTE | 16 | 14 1‘ 17 |9 14 T 12 | 17 [ 0 |

These results indicate that it is not possible to quantitatively compare mayfly
responses to both GTE and PITE. but the PITE was clearly less toxic, with very low
responses even at high effluent concentrations (Figures 4.15 - 4.18). In contrast. the
GTE was acutely toxic with the batch used in Experiment 4 being the most toxic
(LCS50 at § - 6% effluent concentration), and the batch used in Experiment | the least
toxic (LCS0 at 24 - 25% effluent concentration).
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453 Toxicity test results and associated efMuent chemistry
Figures 4.5 - 4.20 show percentage cumulative mortality and concentration-response
curves of General Textile Effluent (GTE) for baetids, during the acute 96 hr and sub-
chronic 7 day experiments. and Tables 4.4 - 411 present ranges of the daily
measurements during the experiments using GTE and PITE. The full physico-

chemical results for individual experiments are presented in Tables 4.12 and 4.13.

Experiment | General Textile Fffluent (24-11-1997)

Description: GTE Exp |

Exposure of baetids to GTE for 96 hrs was conducted using a range of ¢ffuent
concentrations ( Table 4.1). There was a power failure at the start of the acclimation
period, stopping water recirculation for a period of about 30 minutes. This did not

appear 1o affect test organisms, and the acclimation mortality was 6%.

Water quality

Table 4.4 shows the ranges of daily measured vanables per channel durning
Experiment 1. Higher effluent concentrations reached 100% responses within the first
12 hrs. Only one reading for cach vanable was therefore waken. Channels with high
effluent concentrations were very dark in colour, and torch hight had 10 be used for

mortality checks.

IaBLe 44
RANGES OF DATLY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %5) DURING

EXPERINMENT | O "INDICATES THATONEY ONE READING TAKEN AS 100% MORTALITY WAS OBSERVED
WITIIN 12 HIRS,

" Para- |
meter “% EMuent concentration
(mg'h
0 I 3 | s w20 | w | o so | 60 | 75| o0
FC | 418 [424- [ 430 [ 470- [ 545- [ 66.0- [ 79.0- [ 923 1044 | .. [13%0 i
(mSm) | 443 | 457 | 466 | 506 | 575 | 708 | 830 | o0 | v | 1387 o | 193

W | 338383 T8 T 85T 85 87- |87 | 87 [ |99 .
P 84 | 84 | 85 | 85 | 86 | 87 | 89 | 93 | os | « | 105

Temp. | 160- [ 160- 1 161 [ 161 | 160- | 162- | 16.1- | 162- | 162- | 192 | 19 19
("C) 190 | 188 | 190 | 190 190 19.1 190 19.1 19.5 - 6*
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This batch of effluent was characterized by a blue-black colour. The pH was alkaline,
and it never fluctuated by more than 0.3 pH units at low concentrations. The pH
variation become evident at high concentrations, as the pH increased with increasing
cifluent concentrations, and was above the General standard of 9.5 pH units (DWAF,
1991). The channel temperatures fluctuated between 16.0 and19.5°C, and laboratory
temperatures ranged from 16.0 to 22°C. The laboratory temperature was high on the
first day of the expenment, but stabilised thereafter to between 16.0 and 18.0°C, This
shows a fluctuation of #2°C. EC was less than 200 mS/m, which is the limit set for

effluent irrigation without a licence (DWAF, 1999).

Toxicity results

Mortality in the control was 6%, and mortalities for 1%, 3% and 5% were similar to
the control, ic. they were below 10%. All organisms at 75% and 100% effluent
concentrations died within the first 12 hours of the experiment. The Probit [L.C50
value was calculated at 25% effluent concentration, with a narrow range of
confidence limits (Table 4.3). The Trimmed Spearman-Karber 1.C50 was at 24%
effluent concentration. The concentration-response curve showed that at 50% effluent
concentration. all organisms died within the 24hrs (Figure 4.6). Figure 4.5 shows 50,

60, 75 and 100% effuent concentrations causing 100% mortality.

Experiment 2 General Textile Effluent (01-05-1998)

Description: GTE Fxp 2

Baetids were exposed to a range of GTE concentrations tor 96 hrs (Table 4.1).

Acchimation mortality was zero.,

Water quality

Table 4.5 shows the ranges of daily measured vanables during Experiment 2. Higher
elfluent concentrations rcached 100% responses within the first 12 hrs, as a result
only one reading in cach vanable is presented. High concentrations were very dark in
colour, and torch light had to be used for mortality checks. Laboratory temperature
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Figure 4.5  Expeniment 1: The percentage cumulative mortality of baetids over 96
hrs, after exposure to General Textile effluent at a range of effluent
concentrations. The diluent was Buffalo River water,

100
Z 80
&~
<
E 60
2
= 40
£
'=
_‘; 20 L
o

0 — ;

0 20 40 6ol 80 100
EMuent concentration (%)

—-— 12 hrs +24hr\ -.-48'“'\ -.-72'"'5 _'-‘Xihl’ﬁ

Figure 4.6  Experiment |: Concentration-response curve for baetids exposed to
General Textile Effluent at a range of effluent concentrations over
various time periods (12-96 hrs). The diluent was Buffalo River water
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fluctuated between 17 and 21°C. The full physico-chemical analysis of the effluent
used is presented in Section 4.5 4, Table 4.12,

[ TABLE 4.5

| RANGES OF DALLY MEASUREMENTS PER CHANNEL (FFFLUENT CONCENTRATION IN "5) DLRING
| EXPERIMENT 2 “ INDICATES THAT ONLY ONE READING FAREN AS TO0%6 MORTALITY WAS
| OBSERVED WITHIN 12 MRS,

p— -

Para-
meter “» EMuent concentration
- (mg/) J
' 0 1 3 0 30 a0 20 L 100
| -
iC 197 1 5 50 353 | 393 | 813- | 978 — 1T
msm) | 230 | 32230 | 20 45.0 92.0 1es | 192° | 2858
” 937- . -1
pH | 7983 [ 7982 | 8082 | 8095 | T 96106 | 105 1.3¢
Temp. | 160 s | T 60 | 160 | 161- — e
°C) 190 | 6193 | 20 195 20.0 20.0 20 20

This batch of effluent was characterized by a blue-black colour and high turbidity.
which reduced visibility at higher effluent concentrations. Effluent was alkaline. with
pH above the General Standard limit of 9.5 pH units (DWAF, 1991), and increased
with increasing effluent concentration. The channel temperatures fluctuated between
16.0 and 20.0°C, with a vanation of + 4°C over 96 hrs. EC was higher than the
recommended limit for irigation of effluent (DWAF, 1999b).

Toxicity results

This batch of effluent appeared to be more toxic than the effluent sample used in
Experiment 1. At 50% and 100% effluent concentrations, all test organisms died
within the first 12 hrs of the start of the experiment (Figure 4.7). Mortalities at 1% and
3% ecfMluent concentrations were almost 5 times higher than of the same
concentrations in  Experiment 1. although the batch was also a GIE. The
concentration-response curve (Figure 4.8) showed that 50% mortality was reached at
10% effluent concentration within 48 hrs. The Probit method could not caleulate the
LC50, as mortality data did not meet the distribution properties required by Probit
analysis. However, the Specarman-Karber analysis showed LCS0 at 7% effluent

concentration, with a wide range of 95% confidence limit and a high percentage trim
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Figure 4.7  Experiment 2: The percentage cumulative mortality of baetids over 96
hrs, after exposure to General Textile effluent at a range of effluent
concentrations. The diluent was Buffalo River water.
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Figure 4.8  Experiment 2: Concentration-response curve for bactids exposed to
General Textile Effluent at a range of effluent concentrations over
various time periods (12-96hrs). The diluent was Buffalo River water.
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(Table 4.3). The high percentage trim 1.¢. 28%. suggests that the mortality data does
not fit this model very well. and that the LCS50 value is not very reliable.

Experiment 3 General Textile Effluent (07-05-1998)

Description: GTE Exp 3

Baetids were exposed to a range of effluent concentrations (1-50%) for 96 hrs, as
Experiments 1 and 2 showed 100% response within the first 12 hrs (Table 4.1). The
acclimation mortality was 3%. Daily measured vanables are shown in Table 4.6
Responses of the organisms are shown in Figures 4.9 and 4.10. In this experiment

Afroptilum parvum was the dominating species at 68% (Table 4.17).

Water quality

Table 4.6 presents ranges of daily measured vanables for GTE, per concentration.

[ — - — ——

TABLE 4.6
RANGES OF DAILY MEASUREMENTS PER CHANSEL (ERFLUENT CONCENTRATION IN %4)

|
DURING EXPERIMENT 3 |
Para- ]
melter “e EfMuent concentration ,
(mg/h) I
0 1 3 10 15 20 25 30 0

EC 152- | 164- | 19.0- | 283- | 350- | 395- | 474- | 604- | goo.

msmy | 189 | 200 | 20 | 342 | 20 | 503 | 73 | 630 | o030
p | 7377 | 7888 | 7983 | 8392 | 8596 | 8597 | 8698 | £.7-99 | 93.102

Temp. | 140- | 135- | 13.5- [ 135 13.5- 135 | 135- | 188 88 |
("C) 195 19.0 210 | 210 21.0 210 | 210 19.2 19.5

- - —— e

This efMuent batch was characterized by a blue-black colour. Its turbidity was high.

The EC was within the recommended standards for irrigation using an industrial
effluent (DWAF, 1999b). The pH of the effluent was alkaline. and showed an increase
with increasing concentration. The channel temperatures fluctuated between 13.5 and
21°C (Table 4.6), i.e. + 7°C fluctuation. This was higher than the recommended range

and could have contributed to higher mortalities, except that the control mortality was

low,
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Toxicuty results

Control mortality was 4% after 96 hours. Low effluent concentrations (1 and 3%)
showed low mortality (8%). Figure 4.9 shows that 30 and 50% effluent concentrations
reached 100% mortality within 24 hrs of the initiation of the experiment. The
concentration-response  curve shows that at 20% effluent concentration all the
organisms had died after 72 hrs, and 50% monality was reached at 10% effluent
concentration after 72 hrs (Figure 4.10). The calculated Probit LCS0 was 11% with
narrow 93% confidence limits ranging between 9 and 13% (Table 4.4). The low chi-
squarce heterogeneity indicated a good fit of mortality data. The TSK method also
indicated the suitability of the model. with the L.CS0 at 9% effluent concentration.

Experiment 4 General Textile Effluent (11-05-1998)

Description: GTE Exp 4
Exposure of bactids to GTE for 96 hrs was conducted at a range of effluemt

concentrations.  Acclimation mortality was zero percent. B harrisoni was the

dominating species at 72% (Table 4.17). Responses are shown in Figures 4.11 and

4.12. The full chemical analysis is presented in Table 4.12.

Water quality

Table 4.7 presents ranges of physico-chemical variables monitored daily during
Experiment 4.
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TABLE 4T B
RANGES OF DALY MEASTREMENTIS PER CHANNEKL (EFFLEENTCONCENIRATIONIN "G)
PLRING EAPERIMENT A
Pr— ———
Fara-
meler o EMuent concentration
(mgT) -
0 13 - 10 s [ 20 [ 25 | 30 | s
EC 0.1 | 119 | 16.2- | 200- | 293- | 391- | 495- | 608- | 698- | 1106
mSmy| 107 | 125 | 169 | 208 | 305 | 409 | 513 | 611 | 709 | 1108
- 71- | 72- 1 77- ] 79- | 80- | 81- | 83- | 94- | 95- | o8
P 74 | 715 738 £9 | 96 97 | 100 | 103 | 1wa | 07
Temp. | 135 | 130- | 13- [ 13.0- | 130- | 145- [ 150- | 150- | 150- [ 150- |
(°C) 16.0 155 | 152 16.0 158 158 16.0 16.0 16.0 160 |
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Figure 4.9  Experiment 3: The percentage cumulative montality of baetids over 96
hrs, after exposure to a range of General Textile Effluem
concentrations. The diluent was Buffalo River water.
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Figure 4. 10 Experiment 3: Concentration-response curve for baetids exposed to
General Textile EfMluent at a range of effluent concentrations over
various time periods (12-96 hrs). The diluent was Buffalo River water.
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The effluent was characterized by a blue-black colour. Its turbidity was also high. The
efMuent was alkaline, and the pH (Table 4.7) exceeded the recommended limit for the
protection of aquatic environment (DWAF, 1999). The effluent EC was 261 mS/m at
the start of the experiment (Table 4.12), and was higher than the recommended limit
of 200 mS/'m for imgation with industnal effluent (DWAF, 1999), and was also
higher than the EC for Experiments |, 2 and 3. The sodium, potassium. chloride and
TDS levels were all higher than all other GTE experiments (Table 4.12). This effluent

was the most saline GTE sample tested in this study.

Toxicity resulis

After 96 hours. the control mortality was 8%. As low effluent concentration as 20%
reached 100% mortality after 48 hrs (Figure 4.11). The concentration- response curve
showed that at 7% effluent concentration, half of the test organisms had died within
48 hrs. The calculated Probit LCS0 was 6% effluent concentration, with narrow 95%
confidence limits, ranging between 4 and 8% concentration. The Trimmed Spearman-
Karber results were similar to the Probit analysis (Table 4.3). Both methods showed

this effluent to be the most toxic of the batches used.

Experiment § General Textile Etfluent (15-05-1998)

Description: GTE Exps

Responses of baetids to this batch of GTE are shown in Figures 4.13 and 4.14. Higher
effluent concentrations were not used, due to the toxicity of GTE used for Experiment
4, and the effluent sample was taken within four days of Experiment 4, The responses
were low, showing the low toxicity of the effluent. A parvim was the dominating

bactid species. making up 90% of the test population (Table 4.17).
Water qualin

Table 4.8 presents the ranges of effluent concentrations of variables measured per

channel during Experiment §,
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Experiment 4: The percentage cumulative mortality of baetids over 96
hrs, after exposure to a range of General Textile Effluent. The diluent
was Buflalo River water
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Experiment 4: Concentration-response curve for baetids exposed 10
General Textile Effluent at a range of effluent concentration over
various ime periods (12-96 hrs). The diluent was Buftalo River water,
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[ . TARLE 4.8 o ]
RANGES OF DAILY MEASUREMENIS PER CHANNEL (EFFLUENT CONCENTRATIONIN %) ]
DURING EXPERIMENT § |
Para- l
meter “e EMuent concentration '
(mg/1)
0 1 3 s 10 15 J
EC > 79| 2$3.% 2 30 3-3% ;*, 3 P |
(mS/m) 23.7-272 | 252-290 | 280-31.7 30.5-358 28.2-420 4582.510
pH 75.79 8.0-8.1 8189 §293 8196 £4-10.0
Temp. " " - 3 Y ey 1
“C) 130180 | 128180 | 128180 12.8-18.0 128150 130182 '
- - . E—— |

The effluent was characterized by a blue-black colour. The observed turbidity was

less than the previous GTE experiments. The EC for the effluent was 238.7 mS/m at

the start of the experiment, and was comparable to the previous experiments. The pll
of the effluent was alkaline. The channel temperatures fluctuated between 12.8 and

18.2°C, showing a vanation of + 5°C over 96 hrs.

Toxicity results

After 96 hrs, control mortality was 3%. After 96 hrs, very low responses were

observed in the effluent concentrations used in the experiment. Both Probit and 1SK

analysis 1.CS0 could not be calculated. The highest mortality was in 10% effuent

concentration  at 29%. When compared with the responses of the previous

experiments, one would assume that this GTE would also show toxic responses. This

could indicate the possibility of effluent variability.
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Figure 4.13  Experiment 5: The percentage cumulative mortality of bactids over 96
hrs. after exposure to General Textile Effluent. at a range of effluemt
concentrations. The diluent was Buffalo River water.
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Figure 4. 14 Experiment 5: Concentration-response curve lor beatids exposed
General Textile Effluent at a range of effluent concentrations over
various time periods (12-96 hrs). The diluent was Buffalo River water.
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Experiment 6 Post Irrigation Textile Effluent (21-05-1998)

Description: PITE Exp 6

Bactids were exposed 1o a range of PITE concentrations for 96 hrs. A wide range of
concentrations were used. so that a variety of responses could be obtained.
Acclimation mortality was 3%. Responses are shown in Figures 4.15 and 4.16. The
results show very low responses even at higher concentrations. The full physico-
chemical analysis is shown in Table 4.13. A4 parvem was the dominating test

organism at 72% (Figure 4.17).

Water quality
Table 4.9 shows ranges of daily measured physico-chemical vanables per channel.

during 96 hrs toxicity testing.

. TARLE 49 - 1
C RANGES OF DAILY MEASUREMENTS PER CHANNEL (FFFLUENT CONCENTRATION IN %)
DURING EXPERIMENT 6

:._—i’ll’l- o

meter % EMucnt concentration

(mg/1)

0 1 3 10 IS 20 Jo <0
EC 28.1- 2.4 0.8 32.2- §2.3- o= 1 .2 120.1-

| (mS'm) 308 3.7 56 492 695 9.5 $74 129.1
’ pH 7.3-8.1 7683 80-84 | 83.85 | 8487 | 8587 | 8588 | 8589
l Temp. 14.0- 13.0- 13.2- 13.5- 13.5- 14.0- 14.0- 14.0-
{ (*O) 180 180 l_l.q 18.0 15.0 18.0 17.5 7_I77.5

The effluent was characterized by a blue-black colour with less turbidity than GTE.
The pH was within the General Standards (DWAF, 1991). The channel temperatures
showed fluctuation of £ 4°C. The effluent EC was above the recommended limit for
discharge into the aguatic environment (DWALF, 19961). TDS. sodium and chlonde
levels were high. but were comparable to Experiments 4 and 5 (Tables 4.12 and 4.13),
except for chloride levels. They were much higher than the other experiments, and

were more than 20 fold that of the nver water (Table 4.13).



Toxicity results

After 96 hrs. control mortality was 6%. Responses from this effluent were low
compared to the responses of GTE. After 96 hrs, mortality at 25% effluem
concentration was the highest at 29% (Figure 4.15). Responses did not follow any
trend as effluent concentrations increased, instead, the concentration-response curve
showed a fluctuation in responses (Figure 4.16). This 1s an indication that the test
solution was not acutely toxic. The Probit and Trimmed Spearman-Karber 1.050
values could therefore not be calculated (Table 4.3).

Experiment 7 Post Irrigation Textile Effluent (02-06-1998)

Description: PITE Exp ™

Bactids were exposed 10 PITE over 7 days (sub-chromic test). at a range of effluent
concentrations ( lable 4.1). Responses of test organisms are shown in Figures 4.17
and 4.18. Acclimation mortality was 6%. The full physico-chemical analvsis results

arc presented in Section 454, Table 4.13. A4 parvum was dominant at 67% (Table
4.17).

Water quality

Table 4.10 shows ranges of daily measured variables for individual channels during

Experiment 7.

TABLE 410
RANGES OF DALY MEASUREMENTS PER CHANNEL (EFFEUENT CONCENTRATION IN %%)
IMRING EAPERIMENT T
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Para- ) -
meter “o EMuent concentration
(mg'h)
" 1 3 5 10 20 30 <0 o0 "5 100
EC | 327- | 340- | 355- | 41.1- | S0.0- | 69.0- | 86.2- | 120.0- | 138.0- | 1624- | 2024-
mSm| 394 | 403 | 453 | 486 | 582 | 738 | 975 | 1372 | 1507 | 1816 | 2216
70- | 80- | 81- | 83- | 84. | 85- | 86- | 8.7- . .
PH | 83 | 84 | 85 | 86 | 87 | 87 | 89 | oo |369!]|8791]8392
Temp | 140- | 135 | 130- | 135 | 138 [ 351 130- ] 135 | 132- 1 135 ] 135
“c) | 170 [ 170 | 170 | 170 | 170 [ 170 | 170 | 170 | 170 | 170 | 172
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Figure 4.15 Experiment 6: The percentage cumulative montality of baetids over 96
hrs, after exposure to Post-imigation Textile Effluent, at a range of
effluent concentrations. The diluent was Buffalo River water.
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Figure 4.16 Experiment 6: Concentration-response curve for bactids exposed to
Post Irrigation Textile Effluent at a range of effluent concentrations
over various time periods (12-96 hrs). The diluent was Buffalo River
waler.
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The effluent was charucterized by a blue-black colour. It was less turbid than GTE.
The EC was in the same range as that of GTE batches. The effluent was less alkaline
with pH ranging between 7.1 and 9.2. The channel temperatures fluctuated within +

4°C (Table 4.10). TDS, sodium and chloride levels were high and comparable to the
GTE cfMuent used during Experiment 6.

Toxicity results

Control mortality was zero after 96 hrs, but went up sharply to 10% within the next 72
hrs (1.e. Day 7). By the end of the experiment, 75% effluent concentration had the
highest monality at 30% (Figure 4.17). The concentration-response curve showed a
NMuctuation in responses as effluent concentrations increased (Figure 4.18). This

scemed to indicate that the effluent was not very toxic over this experimental period.
Experiment 8 General Texule Effluent (11-11-199%)

Description: GTE Exp X

Exposure of bactids to GTE for 96hrs was conducted at a range of concentrations
(lable 4.1). Acclimation mortality was zero. Responses are shown in Figures 4.19 and
4.20. The results showed very low responses at low concentrations. In this

experiment, B harrisoni was the dominant species at 95% (Table 4.17).

Water quality

Table 4.11 presents daily measured variables per individual channel during
Expennment 8.

o [EVTEE N B
RANGES OF DAILY MEASUREMENTS PER CHANNEL (EFFLUENT CONCENTRATION IN %60 ) DURING
EXPERIMENT S * INDICATES THAT ONEY ONE READING TAKEN,

Para-
' meter “s Efffuent concentration ]
~(mg'h - , B —
| o | 3 s 10 s 120 | 30 [ =0 | we

EC |38 | 240 [380- [ 315 [ 393 Tasi- | 5[ 0s 1045 o,
LmSm) | 255 279 | 317 | a8 | 436 | 541 | 613 | 778 | nos | 77
Temp. | 19.0- | 188- | 190- | 190- | 190- | 190- | 190- | 19.0- | 188

- 20.5*
¢c) [ 210 205 | 205 [ 210 | 205 | 205 | 205 | 210 | 210 ‘
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Figure 4.17

Figure 4.18
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Experiment 7: The percentage cumulative mortality of baetids over
168 hrs, after exposure to Post-irrigation Textile Effluent, at a range of
eMuent concentrations. The diluent was Buffalo River water.
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Effluem was characterized by a blue-black colour. Turbwdity was high. EC was
comparable to other effluent samples. The channel temperatures fluctuated between
18.8 and 21.0°C (Table 4.11), a vaniation of + 2°C. The pH was not monitored due to
a faulty pH meter.

Toxicuy results

Control mortality was 8%, and montalities for 1, 3 and 5% cffluent concentrations
were also below 10%. All the orgamisms in 30 and 50% effluent concentrations had
died within 24 hrs. Once the 20% effluent concentration reached 60% mortality after
24 hrs, the graph levelled off until the end of the expenment (Figure 4.19), indicating
that a 1oxicant threshold had been reached. The Probit method LCS0 was calculated at
15% effluent concentration with a narrow 95% confidence limits, ranging from 13.0
to 17.0% cffluent concentration. The TSK analysis LCSO value was similar to that of
the Probit method (Table 4.3).

4.5.4  Analysis of water quality data
Whole effluent was analysed at the beginning and end of cach experiment; results

showed that various batches of effluents were chemically different from each other.

Tables 4.12 and 4.13 provide the individual experimental physico-chemical data
analysis for GTE and PITE respectively, and show the chemical profile at the start
(Day 0) and end (Day 4) of cach experiment. Experiments | and & data arc not
available as analysis was incomplete due to insufficient sample.

The GTE was characterized by high salinity, with sodium and sulphate being major
contributors. In comparison with the receiving Buffalo River water, GTE had a much
higher conductivity (183-247mS/m). total alkalinity and nutrient concentrations.

Sodium, chlonde and potassium 1ons were all considerably elevated in the GTE.
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Figure 4.19 Expeniment 8: The percentage cumulative mortahity of bactids over 96
hrs, after exposure 1o General Textile Effluent, at a range of effluent
concentrations. The diluent was BufTalo River water.
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Figure 4. 20 Expeniment 8: Concentration-response curve for beatids exposed to
General Textile Effluent at a range of effluent concentrations over
various time periods (12-96 hrs). The diluent was Buffalo River water.
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The PITE is the run-oif of imgated GTE on grass pastures that collects in a holding
dam, the Tailwater Dam. The EC, total alkalinity, trace metal ions and nutrients
(particularly phosphates) are in the same range as GTE (Table 4.12). Chloride and
calcium concentrations were elevated compared to the GTE (Table 4.12). There is a
possibility that chlonde and calcium ions are leaching from the soil in the imgated
arca. Contaminated groundwater in the area (Bruinette er al., 1997), may also

contribute 1o an increase of these salts.

Tame4.12
PHASICO-CHEMICAL EFFLUENT CONSTITUENTS AND NUTRIENT CONCENTRATIONS (EXPRESSED IN
MGL) MONITORED DURING GENERAL TEXTILE MILL EFFLUENT TOXICITY EAPERIMENTS OVER
COSUMMER 1997, AUTUMN AND WINTER 1998, (EFFLUENT WAS ANALYZED BY IWOS), DO-START
1 AND DASEND OF THE EXPERIMENT,

Parameter | Buffalo | Experiment 2 | Experiment 3 | Experiment 4 | Experiment §
| = f;‘; D b4 | vo ps | oo | pi | oo | pa
!1 ECmSm) | 152 | 183 | 202 | 192 | 200 | 247 | 245 | 3 | 216
[ s §7.0 | 1669 | 1660 | 1607 L azse | 2173 | 2149 | 2031 | 1sss
pH 7.7 82 T s4 | 85 | s4 8.6 86 85 | 83
|  TAL 150 | 624 | 629 | ss6 | o66 | 917 | 00 | s3s [ 74
L so)! 7.0 273 | 200 | 260 | 273 | 227 | 228 | 259 | 26
Cl 3o | one | ona | | 144 | 138 | 121 | 139
Na’ 10 | 485 | 485 | 460 | 494 | 628 | 631 | s61 | 519
| Mg” 40 1 3 2 3 2 2 4 3
| K 1.1 19 I8 17 19 29 | 13 | 293 | 211
" 50 6 3 2 6 3 3 6 4
NH, N <004 | 29 33 0 46 126 | 139 | 208 | 194 |
e
NOy +NO; -N| <004 | 01 | 01 | 02 0.3 0.1 0.1 02 | 02
PO P 0.005 L 13 0.8 09 03 0.3 0.3 03
Cu-soluble | <0.005 04 | 03
Cr- soluble <0.005 <004 | <004
DATA NOT AVAILABLE
Zo- soluble | <0.005 16 | 1.7
Fe- solubch <1),005 0.7 09
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, Tame a1y - ]
D PHYSICO-CHEMICAL EFFLUENT CONSTTTUENTS AND NUTRIENT CONCENTRATIONS
C(EXPRESSED IN MG MONTTORED DURING POS T-IRRIGATION FEXTILE BFFLUEN]

TONICTEY EXPERIMENISOVER AUTEMN ANDWINTER 199K, (EFFLUENT WAS
ANALYZED BY TWOS). DO = SEART AND DA < END OF THE EXPERIMENT.
P.'.m".' “.".b Elw‘.".‘ [ E‘"ﬂm..t 7
(mgl) River water (A1 n4 Do D~
r — - R —
{ FEC(mSm) 152 2540 262.0 2230 2560
- -
™S 87 2118 2147 2005 2081 |
- —— - - R P T . S
pH 7.7 78 81 89 50
TAL 50 72 729 740 722
| Y S @ S . EE——— EEmm—
SO, 7.0 225 262 230 27
cr 13.0 332 341 324 3
Na’ 1.0 616 590 606 o9
[r——————————— -
’ Mg 10 16.0 18.0 6.0 6.0
L——-«—-—- —— e el e . e e i e e |
: K’ 11 21.0 200 20 20
| .
i Ca 0 18 19 17 18
NH, N <0005 058 03 0.7 07
NO, +NO. <N < .00s 0.3 02 0.1 02
. ———
PO," P 0.03 190 | 180 1.90 190
b -  —— I? —————————————————
Cu-soluble <0.00% <0.05 0.40 <0.05 <0.05
Cr- soluble <0008 “0.0s <0 0s <D Os <005
Zn- soluble <0.005 <0.04 1.70 010 010
Fe- soluble <0008 08 09 08 1.8

4.5.5 Site-specific whole effluent guideline for textile effluent

There are no national numerical water quality standards for textile effluents in South
Afnca, and the need for these guidelines is growing due 1o the dumping of untreated
efMuent into the environment. The “polluter pays principle™ is not being strictly
enforced in South Africa. This principle was introduced to internalise the social cost
of pollution rather than requiring a particular “end-of-pipe™ treatment (Folkes, 1996).
A method developed by Palmer and Scherman (in press), tor describing toxicity data
in hazard-based terms and relating these to the resource protection policy of DWAF
(Palmer, 1999), was applied to cach batch of textile effluent.
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The AEV was calculated in each case according to the method of the DWAF (19961),
using LC1 values instead of a mean LCS0 value as a single test species was used to
generate toxicity data (Palmer and Scherman, in press) (Section 2.9.4). The AEV
value was used. as it indicates the effluent concentration that will cause low risk to
intolerant biota, and will therefore give concentration values that will be acceprable
for discharge into a class A river. Below the lower 95% lower confidence limit of the
L.C1 will indicate the threshold of a 95% probability of less than 1% mortality after
acute exposure (see Table 4.15). The LC1 upper confidence limits and LCS lower
confidence limits will indicate moderate risk to intolerant biota, with 95% probability
of mortality between 1-5% after acute response. The L.OCS is considered high risk and
will indicate cstimate risk of 5% mortality after acute exposure. The LCI and 1.CS
values also have a wide range of confidence limits that will accommaodate the nature
of biological responses 1o toxic substances (Rand, 1995). For cach experiment. the
tolerance end-points: LCT and LCS, and the low and upper confidence limits of the
LC1 and LCS values are listed (Table 4.14). Each of these values were associated
with a particular hazard description, ranked according to the percentage response and
then related 10 the resource classification system (Table 4.15A-D). The AEV was used
as tolerance end-point to formulate the guidelines.

Table 4.14 provides a list of LC1, LCS, LC50 values and their 95%confidence limits,
plus AEV values used in the ranking of tolerance end-points. Only Experiments |, 3.
4 and 8 were included as both the Probit and 1SK methods were not appropriate for
Experiment 5. 6 and 7 data analysis.

[ o -  TAamE 414
' LOL LCS AND LCSOVALLES OF THE PROBIT METHOD FOR THE INDIVIDUAL GENERAL TENTIE
EFFLUENT EXPERIVENTS, THEIR 95% CONFIDENCE LIMITS AND AEV. (LCLSUPPER CONFIDENCE

| LIMIT, LCLSLOWER CONFIDENCE LIMIT)

CAcute Lo 1LCl LS 1Lcs LCSO | LOCSo

(96 hirs) test LCI 95% | 95% LCS 98 95%% LCS0 95, 95, AFN

' LCL | UCL LOlL UL LCL l:('l.4
Experiment | 10,1 6.3 13.2 13.2 9 16.4 2§ 213 28 ] 55
Experiment 3 S| 26 69 6.5 39 82 e 9.3 129 | 25
Experiment 4 1.2 04 2.1 19 0.8 3 6 4.1 7.7 0.6
Experiment 8 6.3 37 83 82 $8 10.1 15.6 13.5 174 3
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Tables 4.15(A)-(D) show the ranking of toxicity test end-points, with a summarized

specific hazard description, and associated river health Class (A-D and E'F), and a

suggested textile whole effluent guideline as % effluent concentration. Classes A-D

are ecologically sustainable and Classes E/F are degrading and degraded.

Tasie 4.15(0)

EXPERIVENT 1 (GTE): A RANKED LISTOF TONICETY TEST END-POINTS, EACHEWITH A SPECIFK
HAZARD DESCRIPTION (TABLE 2.2), AND ASSOCIATED RIVER MEALTHCLASS, RESULTANT GUIDELINES
RANGES FOR TENTILE EFFEUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1) AND HAZARD
DESCRIPIIONS (TABEE 2.2) ARE BASED ON PALMER AND SCHERMAN (IN PRESS). ?

e — “u efMuent River Suggested
end-point concen- Summarised hazard description health % efMuent
tration class concentration
TChronic test results Unk Minimal hazard to intolerant biota-
p nown A 0-5
not available NO ACULE rESPOnses
ALV <
Low hazard to moderate bota:
|54 L £~ evidence of an acute response, but
LCT lower 95% C1. 63 95% probability of N e M 6 10
LC1 10.1 mortality after acute exposure '{
| LCS lower 95% CL. 90 Moderate hazard  to  mtolerant |
biota: 95% probability of mortality C 10-13 -
LCI upper 95% CL 13.2 between [-5% after acute exposure |
- High hazard: best estimate of 5%,
i iy mortality after acute exposure o e
Unacceptable  hazard: 95%
L LCS upper 95% CL 16.4 probability of at least 5% mortality EF 16
after acute exposure

TABLE 4.15(m)

EXPERIMENT 3 (GTE): A RANKED LIST OF TONICTTY TEST END-POINTS, EACH WITH A SPECIFIC
HAZARD DESCRIFTION (TARLE 2.2), AND ASSOCIATED RIVER HEALTH CLASS. RESULTANT GUIDELINE
RANGES FOR TENTEIE EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TARLE 2.1) AND HAZARD
DESCRIPTIONS (TAREE 2.2) ARE BASED ON PALMER AND SCHERMAN (IN PRESS)

o —
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“e efMuent River Suggested
Tf:;';:“:.‘“ concen- | Summarized hazard description | health | % cMuent
tration class concentration
Chronic test results LUnknown Minimal hazard to intoleranmt
- . A 0n-3
. notavailable biota- no acute responses |
EYAY 28 Low hazard to moderate biota; 1
evidence of an acute response, but |
LCT lower 95% CL 26 95% probability of less than 1% 2] -5
mortality after acute exposure
LCI S|
Y 19 Moderate hazard to intolerant
LS lwer 9% Q1 biota: 95% probability of B e
LC1 upper 95% C1. 69 mortality between 1-5% after .
' acute exposure
LCS - i 6.8 High hazard: best estimate of $% D 7-8 ‘
mortality after acute exposure
Unacceptable hazard: 95%
LCS upper 95% CL 82 probability of at least 5% EF -8
| mortality after acute exposure 1




TABLE 415(C)

- _——_..—,'

EAPERIMENT 4 (GTE): A RANKED LIST OF TOXICITY TESTEND-POINTS, EACHWITH ASPECIFIC
HAZARD DESCRIPTION (TABLE 2.2), AND ASSOCIATED RIVER HEALTH CLASS, RESULTANT GUIDELINE
RANGES FOR TEXTILE EFFLUENT ARE GIVEN, CLASS DEFINTEIONS (TABLE 2.1) AND MAZARD

Al

IAN (IN PRESS)

DESCRIFPIIONS (TABLE 2.2) ARE BASED ON PALMER AND SCHER?
—

Tolerance test % efMuent Summarized hazard River | Suggested %
end-point concentration description health ¢ffiuent
o class concentration
Chronic test results - — Minimal hazard to intolerant A 0-06
not available biota- no acute responses )
AEV 0.6 Low hazard to moderate biota
evidence of an acute response,
LCI lower 95% CL 04 but 95% probability of less than B 06-1.0
1% mortality after acute
LCI 12 exposure
| = 8 Moderate hazard to intolerant o
LCS lower 95% CL biota: 95% probability of . "
LEY upper 95% C1 2.1 mortality between 1-5% after o J
' ' acute exposure
High hazard: best estimate of B
LCS 1.9 5% mortality after acute D 2 3
exposure
Unacceptable hazard: 95%
LCS upper 95% CL 3 probability of at least 5% E'F =3
mortality after acute exposure ]
Tasir 4.15n) - ‘

EXPERIMENT S (GTE): A RANKED LISTOF TONICTTY TEST END-POINTS, EACHWITH A SPECIHIC
HAZARD DESCRIPTION (TARLE 2.2), AND ASSOCTATED RIVER MEAL TH CLASS, RESULTANT .

GUIDELINE RANGES FOR TEXTILE EFFLUENT ARE GIVEN. CLASS DEFINUTIONS (TARLE 2.1) AND ’
HAZARD DESCRIPTIONS (TABLE 2.2) ARE BASED ON PALMER AND SCHERMAN (IN PRESS).

|
!

Tolerance test Yo eMuent Summarized hazard :::;: i‘:‘m'::: 4
- |
end-point concentration description class tration |
l, Chronic test results Minimal hazard to ntolerant T
| not available Unknown | cte- no acute responses A B3 |
AEV 31 Low hazard to moderate biota:
evidence of an acute response
LCI lower CL 3.7 but 95% probability of less than B 36
1% mornality after acute
LCI 6.3 exposure
. - 58 Moderate hazard 10 itolerant
LCS lower 95% CL biota: 95% 'l“)‘ of c
35% probebs g 6 K
LC1 upper 95% CL. 83 montality between 1-5% after
acute exposure
High hazard: best estimate of
LCS 82 5% montality after acute D $-10
exposure
Unacceptable hazard: 95%
LCS upper 95% CL. 10.1 probability of at least 5% EF >10

mortality after acute exposure
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lable 4.16 provides a list of experiments with associated river health classes and
suggested guidelines for the textile effluents tested. From this data it could be
concluded that any textile effluent similar to the batch for Experiment 3, with effluent
concentration greater than 0.6 %, should never enter a Class A river. It also shows that
a maximum ol 3.0 % efMuent concentration will be allowed into a Class D river

TABLE 416
INDIVIEDUAL TENTILE EFFLUENT EXPERIMENTS WITH ASSOCIATED RIVER HEALTH C1ASSES AND
ASSIGNED FFFLUENT CONCENTRATION GUIDELINE RANGES, '

| B | wamniamnewn |

iver health % offiuont .
s concentration Exp 3 Eapd Exp§

i 0-3 0 3 0-06 0-3 |

B 610 38 06 1 " _d |

3 ; 0-13 | 5.7 = s s‘“"‘—:

D 15316 B 7«8 2 3 s 10 1

i T e ~8 ~3 10 j

Considering the complexity and vanability between batches of effluents, and that
complex mixtures have different integrated effects on biota, the management should
focus on ERA and use it as a tool in its environmental decision-making. Although
PITE was found not to be acutely toxic, there is a potential for toxicity. The
Management should therefore aim for zero effect to protect the environment.

4.5.6  ldentification of test organisms
It was necessary to identify bactid mayfly nymphs used for toxicity tests, as different
species may exhibit different sensitivities to the same toxicant. Using a test population
consisting of one species is therefore recommended. Unfortunately, the Buffalo River
bactid population did not consist of a single species, and it was necessary to speciate
organisms upon the completion of the experiments. Table 4.17 presents a comparison
of bactid population frequencies per experiment, i.¢. during the summer of 1997 and
1998, and autumn and winter of 1998, During November 1997 and 1998, B. harrison:
was in the majority at 95% and A. parvim at 5%. B. harrisoni appeared to be a
dominant species during summer months. This is possibly due to the fact that it is a

more tolerant species, therefore less sensitive (Chutter, 1994), and can appeared to be
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- S Tame AT
COMPARISON OF BAETID POPULATION PERCENTAGE (%) FREQUENCY DURING THE
TEXTILE ACUTE AND SUB-CHRONIC TOXICITY TESTING EXPERIMENTS IN 1997 aNn
1998,
Experiment B, harrisoni A. parvum Date Season
1 95 h) 24-11-1997 Summer
2 59 41 01-05-1998 Autumn
3 32 68 07-05- 1998 Autumn “
4 2 38 11-05-1998 Autumn |
s 10 90 15-05-1998 Autumn |
6 is 72 21-05-1998 Autumn |
7 4 67 02061998 Wimter ‘_j'
| % 95 s 11-11-1998 Summer

a dominant species during summer months. This is possibly due to the fact that it 1s a
more tolerant species, therefore less sensitive (Chutter, 1994), and can therefore
tolerate the heavy flow and stresses brought about by the environmental changes.
During autumn, B. harrisoni and A. parvum interchangebly shared the dominance
Winter showed A. parvim dominating, suggesting that there is not a requirement for a

tolerant species to dominate at this time of the year.



4.6 DISCUSSION

4.6.1  Introduction
The discharge of untreated and partially treated effluent into the aquatic environment
has frequently impaired the effective use of freshwater. Pollution has long-lasting
ctfects, and may also have social impacts, as downstream users become affected by
poor quality of water. This study used WET testing to provide a preliminary
indication of potential effects of textile effluent on indigenous riverine invertebrates.
This study. together with a kraft mill study (Chapter 3), can be scen as a first step in
developing WET methods using indigenous riverine invertebrates. 1t also explores the
Iink between the use of standard taxa and indigenous riverine invertebrates for

toxicily festing.

The main finding of this study was that the textile effluent is variable and at times
acutely toxic. The GTE was variable and more toxic than the PITE. The PITE collects
into & holding dam. and settling of material takes place. This could have contributed
to its stability. To achieve the aims of this study. bactid maytly nymphs were exposed
to a range ol textile ¢Muent concentrations for 96 hours, and one test was conducted
for 7 days. The experiments were conducted in antificial stream systems (channels)
using complex textile effluent as a toxicant. and river water as a diluent and a control,
The results of this study were used 1o derive hazard assessment guideline for GTE,
which could be used by the mill’s management decision-makers about the treatment
of effluent. This study was prompted primarily by the nisk of textile effluents to the

aquatic environment.

4.6.2  Textile efMuents
The chemical source of textile effluent toxicity has been discussed at length in Section
4.1.2. The effluent was coloured as dyes and surfactants are passed onto the effluent
during the manufacturing process. The combination of strong colour and high TDS
levels lead 1o effluent turbidity in the experimental channels and it was difficult to see
test organisms at high effluent concentrations. This could have also interfered with

organism feeding. The GTE was more turbid than PITE: suggesting that turbidity
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could have contributed to the death of organisms by clogging the gills. Effluents from
the dyeing process are also toxic, and as most dyes are not biodegradable, they are not

effectively removed during biological treatment.

Wool scouring is the major source of pollution in the textile industry (Correia ef al..
1994), and therefore could have rendered the GTE toxic, as some scouring effluent is
passed on 10 the next step of the manufacturing process. This textile mill uses
hypochlorite for bleaching. and residuals and by-products would affect aquatic

organisms ( Nicolaou and Hadjivassilis, 1992).

In this study. the GTEs were generally found to be acutely toxie, which could be
attributed to the fact that there is no secondary treatment, or any form of biological
treatment before the effluent is released and used for irrigation. Treated textile
effluent has been found not to be toxic (Altinbas er al.. 1995: Davies and Cottingham,
1994, Nicolaou and Hadjivassilis, 1992). The PITE was not acutely toxic although
this effluent does not go through any form of biological treatment. There is a
possibility that some substances become trapped in the soil or grass roots during
irrigation, as the PITE is a run-off effluent from irrigation. lons such as Ca’" cations
and CI" anions, are washed down into the holding dam, showing up as high levels of
calcium and chloride in the PITE (Table 4.13). It has also been shown that Ca® has an
ameliorative effect on toxicity (Palmer and Scherman, in press). There is also a
possibility that non-toxicity is due to the fact that the effluent goes through a
stabilization period in the holding dam (Tailwater Dam). where some substances such
as trace metals attach onto suspended solids and settle at the bottom. Substances such
as organics may also be degraded in the Tailwater Dam, rendering the effluent less

1oxic.

Effluent salinity

Information on the effects of salinity on riverine indigenous invertebrates (site-
specific testing) appears to be scarce. The Centre for Aquatic Toxicology. at the
Institute for Water Research, Grahamstown, initiated toxicity testing using indigenous

riverine may fly larvae, and selected salinity as the first water quality variable under
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investigation. In the present study, textile effluent was used as a complex. saline
whole effluent. Results showed that toxicity was not due only to increasing EC levels,
as GTE and PITE exhibited similar Na“, SO4* and TDS levels. which contribute to
salinity. and vet PITE was not acutely toxic. Calcium levels were however higher in
the PITE (17 - 19 mg/l) than in the GTE (2 - 6 mg/l). The ameliorative cffect of Ca™
on salinity toxicity (Palmer and Scherman, in press). may have contributed to the
reduced toxicity of the PITE. It is possible that the effluent salinity was not so high as

to lethally affect organisms.

Generally, the salinity of the Buffalo River in the upper reaches is low (DWAF.
unpubl. data), but discharges of treated and untreated sewage effluents and industrial
cfMuents, such as tannery and textile effluents, have altered its salinity in the middle
reaches. Salinity gradually increases as the river passes the industrial area, and
decreases again 1o less than 50 mS/m, as the water leaves the Laing Dam. This
indicates that sclf-cleansing takes place, and the dam acts as a settling reservoir. At
Mc Tyre Bridge, a DWAF sampling point below the discharge point of the Mlakalaka
stream, the salinity was higher by 2 folds than above the discharge point (DWAL,
unpubl. data). The discharged textile effluent contributes to this increase in salinity.
Salinity of textile effluents used in this study was 15 to 20 times that of the
unimpacted Buffalo River water (at the sampling site). and has to some extent
contributed to the increased salinity of the river. This becomes more evident during
low flows, as the salinity of the Buffalo River middle reaches increase sharply
(DWAF, unpubl. data). According to the present license conditions, the textile mill is
allowed to discharge effluent with EC not greater than 250 mS/m. The new National
Water Act (No 36 of 1998) has decreased the allowable EC to the maximum of 200
mS/m for irrigation (DWAF, 1999h).

Colowr

Historically, textile effluents have a major environmental impact on rivers in
industrial arcas. As a result, the National Rivers Authority in the United Kingdom
has set standards to protect key rivers affected by textile effluents, and has set target
dates for compliance with the standards (ENDS Report, 1993). This has put pressure
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on textile industries and Sewage Treatment Works. The Sewage Treatment Works
were forced to reduce the levels of colour permitted in their trade effluent standards in
order to comply. Colour is one of the most pressing problems facing the textile
industry, and has the highest public profile. Up to 50% of the initial dye load will be
found in the effluent (ENDS Report, 1993), giving rise to highly coloured effluent.

which is difTicult to treat.

The textile mill in this study is discharging coloured effluent into the receiving water
via the Mlakalaka stream, as there are no strict regulations prohibiting the discharge.
The strong colour of the textile effluent caused some change in the river water below
the point of discharge. The colour change can cause a considerable disturbance to the

ecological system of the receiving water.

4.6.3  EfMluent, organism and experimental variability
EfMluent vanability arises both from the diversity in the types of industrial processes
used, and the large range of chemicals and materials involved in the production of
fabric. The composition of effluent is therefore influenced by a multitude of factors,
i.e. the type of raw material, the textile process and its efficiency. and the effluent
treatment. These factors result in textile effluent containing a complex varicty of
substances that have different effects on the aquatic environment. The combining of
effluent streams from individual operation also result in large diurnal vanations in
effluent chemical composition, hence different organism responses from different
batches. Variability in organism responses could also be due to genetic differences
and individual test organism sensitivity. WET testing, as an experimental procedure,
will also contribute some level of vanability. It is important to know the acceptable
levels of variability for compliance. CAT-IWR is presently compiling a document
identifying and assessing sources of variability in toxicity testing using indigenuos
inverticbrates: and attempting to determine acceptable levels of variability for

comphiance and other applications of the method.
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Although GTE samples Tor this study were collected from the same mill. utilizing the
same manufacturing process. effluenmt chemical profile and subsequent organism

responses were different.

Effluent variability

The complex composition and the continuos changing nature of the effluent (Rand.
1995), make minimizing the vanability between organism responses over time
ditficult. Effluems can be highly vanable over time. making 1oxic evaluations difticult
( Warren-Hicks and Parkhurst. 1992 Dom, 1996). There are currently no established
criteria stipulating the acceptable levels of effluemt variability in a WET test
(Parkhurst and Mount, 1991), due to the inherent variability in effluent composition
experienced over time. Average intra-laboratory coefficients of variation for acute
WET test have been recorded as 17%. with as much as 135% variability being
recorded between the experiments (Parkhurst and Mount, 1991). Such high vanability
between experniments can be expected 1f the composition of the efiluenm s highly
variable. Understanding the effluent’s variability may be more important than

evaluating one toxic result as a significant event (Roux. 1994, Grothe o7 al.. 1996).

In this study. sclected physico-chemical constituents were used 10 compare the
composition of different effluent batches (Tables 4.12 and 4.13). Chemical analysis of
individual effluent showed no significant changes between the initial and the stored
cifluem over a four-day penod. This indicates lintle variability within the effluenmt
sample. which shows stability during storage. There was however, vanability between
the different efMluent batches. This effluent was more variable, and produced more
vanable toxicity results than the kraft effluent used in Chapter 3. This effluent results
show that it would not be possible to set the criteria or numerical value for effluents

such as textile. as etfluent produced difter all tumes.

Fest organism variabilin
Riverine organisms from “unpolluted”™ water were used as test organisms, as
suggested in APHA (1992). However. the organisms genetic structure was unknown,

thereby introducing the vanability associated with using a wild population of
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organisms such as baetids. The use of such populations does incorporate natural
variability, and therefore a measure of environmental realism that is not present in
toxicity testing using standard laboratory organisms (Rosenberg and Resh. 1993).
However, the test organisms were collected from one sampling site, thereby
attempting to reduce a potential source of variability. The baetid population used for
this study comprised a species complex: different species may respond differently 1o
contaminant exposure (U'S EPA, 2000). As shown in Table 4.17, it is not possible to
collect the same test species in the field, but an effort was made 1o try and select
similar-looking organisms during sorting. Occasionally. it was necessary to use
smaller-sized organisms due 10 low abundance of larger organisms, and this could
have contributed to variability. The differences in species tolerance within a complex

species may have contributed to variability,

Experimental variahility

The channel temperatures fluctuated by more than £3°C. A fluctuation of +3°C over
24 hrs 1s considered acceptable under semi-controlled conditions (DWAF. 2000).
These temperature fluctuations were due to sudden changes in laboratory temperature,
which were influenced by the outside ambient temperatures.  Although  the
reccommended temperature fluctuation rate was exceeded. it did not appear 10
detrimentally affect test orgainsms, as control mortalities were below the 10% limit of
DWAF (2000). The temperatures were still within the range that the organisms were
naturally exposed to in the field, and suggests that test organisms are tolerant of a
relatively wide temperature range. The river water temperatures fluctuate during the
day, ranging from 13-18°C. Generally, if temperatures are allowed to fluctuate above
the 18-20°C range. the hfe-cycle of maythies becomes rapid, and as a result,
emergence takes place (DWAF, 2000). In this study, there seems to be little
correlation between poor temperature control and toxicity results (Experiments 2 and
3: Table 4.3 and Section 4.5.3), The use of a site-specific laboratory e.g. the Zwelitsha
laboratory) for toxicity testing, reduces the control over physical parameters such as
laboratory temperature. The effluent pll can influence the bioavailability of some
metals (¢.g. Cu and Zn), and therefore contribute to variability (US EPA, 2000). Strict

control over abiotic factors must be exercised to reduce variability. Experimental
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variability may be allected by dilution water qualily, hence the use of river waler as
diluent in this study. In this study, the baetids percentage frequency data (Table 4.17)
suggests that B. harrisoni is less sensitive than A parvum.

Tolerance data

From the data tables and figures, it is apparent that test responses to each effluent
batch was different. Out of cight different effluent samples. only four GTE showed
acute toxic responses over 96 hrs. The eflects varied in different batches, some
showing immediate effects, while others showed delaved acute responses. Individual
organisms of the same population could have responded differently from cach other:
effluent variability could also have contributed to different responses. Bactids showed
less tolerance to GTE than PITE. indicating that PITE is more stable. The

ameliorative effect of Ca’ may also have contributed to the reduced toxicity of PITE

4.6.4 Application of WET testing in South African water quality
management

This study aimed to investigate the application of WET testing to complex textile
ciMuents using indigenous riverine organisms as test organisms, to assess the potential
effects of textile effluents on aquatic biota, and to use WET testing results in the
development of hazard-based guidelines for textile effluent disposal. A hazard-based
approach provides a consistent basis for deciding on the acceptability of impacts.
while allowing natural site-specific differences to be taken into account (DWAF,
1999a). This study, together with the kraft mill effluent study (Chapter 3), must be
seen as a first step in developing WET testing methods using sclected indigenous
riverine invertebrates. The data from this study may therefore be useful for setting

whole effluent criteria for the protection of aguatic ecosystems,

In this study, WET testing was used to provide a preliminary indication of the
potential effects of textile effluents on selected indigenous riverine invertebrates.
Tolerance data were applied in a hazard-based manner to link the increasing risk of
textile effluent impact 1o the river classification system and the determination of the

ccological Reserve. The results gave a strong indication that GTE is acutely toxic, and
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therefore should not enter the aquatic environment. The maximum concern of textile
effluent which should enter a class C river, according to this preliminary study, should
be 13% cffluent concentration (Table 4.16). If a conservative approach is followed,
the concern should be reduced to 1 ~ 2% cffluent concentration. It is recognised that
this was a very limited and preliminary study, but this “end-of-pipe™ approach,
utilizing toxicity data, follows the approach used in the DWAF draft guidelines for the
assessment of, and authorization for, the discharge of complex waste to water
resources. This document is currently being prepared by Palmer and Jooste (conf.
draft). This study also clearly demonstrates the toxicity of textile effluents, and the
highly variable nature of these effluents. These factors further strenghten the

recommendation for the conservative management approach of these effluents.

The PITE was not acutely toxic. but probably chronically toxic. Few factors have
probably contributed to less toxicity e.g. stabilization period in the Tailwater Dam;
some of the substances in GTE were trapped in the soil during imigation; and the

ameliorative effect of Ca ™",

The physico-chemical profile seemed to offer little information on the potential
toxicity of the effluents, except for sahinity effects. Chemical profiles also cannot
predict the interactions between effluent components, and the effects of these
interactions on effluent toxicity (Caims ef al.. 1990). Differences in responses related
1o test organism and experimental variability could be monitored by the use of a
reference toxicant. More work needs to be done to be able to establish what level of

variability would be acceptable in compliance determination,

How indigenous test organisms could be used in a regulatory framework

The use of indigenous riverine invertebrates, fish and macrophytes for toxicity testing
is ideal. as they reflect actual receiving water impacts. It is not known how the
standard test organism and the international data compare to the responses of local
species, therefore it is difficult to evaluate the real level of protection indigenous
organisms would offer as test species. Since the use of indigenous invertebrates

increases the reliability of data and environment realism, it could be useful in setting
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site-specific guidelines. The use of indigenous organisms. representing a wild

population, generates responses that include natural variability.

In this study. bactids showed sensitivity to GTE. However. since the results are
preliminary. a comparative toxicity testing with a Daphnia standard laboratory test
population, should be undertaken. Other species, such as fish and algae should also be
used as indicated by US EPA (1992). so as 1o incorporate different trophic levels
when generating reahistic toxicity data. Since it is not always practical to collect
enough numbers of organisms for toxicity testing, indigenous riverine invertebrates

could be used for auditing rather than routine monitoring.

To conclude, the results of this study indicated that the GTE should not enter the
niver, as it will have detrimental impacts on the aquatic environment. The GTE proved
to be variable and acutely toxic: PITE was more stable and not acutely toxic. Baetid
responses demonstarted their sensitivity 1o textile effluents. Using baetds as test
organism for routine testing will not be practical. as their availability depends on
natural factors such as flow. The use of a bactid species complex is also not
recommended. as different baetid species show a range of responses 1o toxicants. The
management of the mill should therefore consider focussing on an Environmental
Risk Assessment approach, and use 1t as a tool for its environmental decision-making.
Although preliminary, hazard-based guidelines, which relate textile effluent toxicity
to river health, have been provided as a starting-point. These data would allow the
factory managers to relate specific effluent concentrations to the likely risk to in-

stream biota,

4.6.5 Recommendations

Recommendations for future research

The work done in this study provided useful information and data. but was
preliminary. There is a need to have more data on how indigenous riverine
mvertebrates respond o potential  pollutants, both single-substance and complex

eMuents. Groundwater testing is necessary, to determine whether irrigating with the
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textile effluent impacts on groundwater. This is particularly relevant as the kraft
cffluent preliminary study (Section 3.5.6) showed irrigation impacting on
groundwater. Although the results showed baetids to be sensitive to textile effluent. it
cannot be assumed that guidelines protecting these organisms would protect all other
organisms. Daphnia toxicity testing, and testing using organisms such as fish and
algac, should be undertaken. and sensitivities compared with that of baetids. There is
also a need to investigate chronic and long-term responses. especially for PITE. which
did not show acute toxicity. In-stream biomonitoring studies should also be
undertaken and results linked 1o toxicity testing to increase chances of protection of

the aquatic biota,

Recommendations for textile management

The textile mill management should consider treating their effluent before discharging
or irrigating, as it is probable that textile effluent will reach the receiving water under
the present scenario. This will also help to reduce the amount of cffluent to be
disposed, as some of the effluent could be re-used. A hazard-based site-specific
approach is also recommended, with the mill being conservative, i.e. aiming for zero
impact. This is particulary important due to the toxicity of this effluent (see Table
4.16). The quantity or flow and quality of river water will also determine the impact
of effects of the effluents (Smith and Sprague, 1992). To be able to monitor the
impact of the discharged effluent. biomonitoring at. above. and below the point of
discharge should be undertaken. Toxicity testing should be conducted using Daphnia
for routine monitoring, and indigenous invertebrates such as bactids, for auditing

purposcs.
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CHAPTER S

CONCLUDING DISCUSSION

5.1 INTRODUCTION

Water is scarce in South Africa, and therefore needs to be conserved and protected, so as
1o ensure sustainability (DWAF, 1997a). To be able to protect water resources.
wastewater discharged into the aquatic environment must not lead to irreversible or
unacceptable impacts. However, South African researchers only recently produced a
standardized test protocol for the use of indigenous organisms in toxicity tests (DWAF.
2000). This study was the first in South Africa to formulate hazard-based guidelines for
complex effluents using WET data, and thercfore constitutes a potential method 10
monitor and manage water resource use at sustainable levels. In this concluding
discussion, the limitations of this approach; problems encountered during the study. and

the application of the results to management are considered.

5.2 LIMITATIONS, ADVANTAGES AND PROBLEMS EXPERIENCED DURING THESTUDY

a) Kraft mill study

e Effluent composition is usually variable, and effluents which are discharged after
an industrial process without storage, as is the case here, are particularly variable
(Grothe er al., 1996). In this study, only seven acute (96 hr) and one sub-chronic
(7 day) tests were conducted, unfortunately not generating information on an
annual cycle of vanation (Slabbert er al., 1998a). The scope of this study was
therefore not sufficiently frequent or long-term to quantify effluent vanability.

e Groundwater will be influenced by factors other than the effluent, therefore
results from this study will give at best, a "snapshot” of possible effects.

e Test organisms and river water used for the study were from the Sabie River

(Sabie-Sand River system), which is a different system from the receiving
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water (the Elands River is part of the Crocodile River system). This is not an
ideal situation, but the Sabie River had a known, well-established test population
of the mayfly 7' tincrus. whose responses to elevated salts were already known
(Palmer and Scherman, in press). Since the test effluent was variable. and the
responses of indigenous organisms are variable (Palmer and Scherman. in press).
it scemed best to select a previously studied test population. I tincrus does occur
in the Elands River, so the results could be extrapolated with reasonable
confidence.

The laboratory temperatures could not be adequately controlled to a constam
temperature in the Skukuza site-specific laboratory. One of the air-conditioners
became faulty duning the experiment and tnipped the electricity in the laboratory
resulting in a disruption of power to some artificial streams. This could have been
responsible for the outliers identified during the statistical analysis.

The space in the laboratory was a limiting factor in the number of streams used
for the experiments, hence replication was not possible.

The distance between the effluent collection site and the laboratory where
experiments were conducted, was problematic.

The first batch of efMuent foamed profusely durning the experiment. creating
problems when running 50 - 100% cffluent concentrations.

Some batches of efMuent had high levels of suspended solids, which caused

clogging

b) Textle mill study

Test organisms were a mixed population, and could not be identified to specices
level before the experiment was initiated. The availability of organisms was
seasonal and the numbers declined as the river flow and volume decreased
Although B harrisontis known to be a tolerant species (Chutter, 1994), a pattern
could not be identified between species dominance and 1.C50 values.

The sclection of test organisms was based on their abundance in the Bullalo
River, their suitability to the test systems, and their use in other studies (Williams,
1996).
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¢ Bactids may not be the ideal organism for routine testing, as the study has shown
that their numbers are drastically reduced during low flow conditions, therefore
there is no guarantee of availability all year round.

e The control of laboratory temperatures was not very successful (temperatures
fluctuated between 13-217C), and was influenced by the outside temperatures.
Once the outside temperatures dropped at night, the temperatures inside the
laboratory would also drop. This did not seem to influence the results as control
mortalities were always below 10%. It is possible that test organisms are
acchmated 1o fluctuations in temperature as river waler temperature also
fluctuated to low temperatures.

¢ Effluent composition was complex and usually variable. (11 the effluent is stored
in a large holding dam (see Chapter 4) or lagoon, with a long retention time prior
1o discharge, then the effluent is likely to be relatively stable (Burton Jr. er al .
1996)).

WET testing is relatively new in South Africa (Slabbert e al., 1998a), particularly using
indigenous riverine organisms as test organisms (DWAF, 2000). Currently. the only
toxicity database for indigenous invertebrates in South Africa is being developed by
CAT-IWR. All data used in the development of SAWQG for aquatic ecosystems
(DWAF, 1996f) were based on intermational data. Indigenous organisms were chosen for
this study in order to contribute to method development with regard to the use of site-
specific macro-invertebrates for regulatory purposes (auditing), and to contribute to the
database for indigenous organisms. The CAT-IWR at Rhodes University in
Grahamstown has developed a protocol for acute testing using indigenous orgamsms in
artificial streams, and the information from this study has contributed towards the
development of the protocol (DWAF, 2000). This study will particularly contribute to

Version 2.0 of the protocol, which will focus specifically on WET testing.
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5.3 WET TESTING AND COMPLEX EFFLUENT MANAGEMENT
WET testing has the advantage of measuring the effects of complex effluents in a form
that is bioavailable to organisms; it incorporates the effects of interactions of constituents

(US EPA, 1992). It also has the following potential disadvantages (US EPA, 1992)

e [t does not indicate how to treat effluent toxicity or variability,

e it provides no information about protecting human health;

e it does not indicate how long toxicity persists in the environment; and

e it does not ke into account the changes in toxicity that can result from

environmental changes.

The aim and objectives of this study were met as follows:
e To investigate the effects of kraft and textile effluents to indigenous riverine

invertcbrates

Kraft effluent proved to be generally more saline than textile effluent. Textile effluem
was more variable than kraft effluent. 7' tincrus was highly susceptible to high
concentrations of both GKE and IKE. 7 tincrus also showed less sensitivity to IKE than
GKE. This could be due to the fact that IKE toxicity was close to the mean toxicity of
GKE. Baetids were sensitive to GTE, but less sensitive to PITE despite the higher salinity
of PITE. This could be due to the ameliorative effects of Ca (Palmer and Scherman. in
press), as Ca levels in PITE were about double that of GTE. It is not possible to compare
the toxicitics of the two efMuents (i.e. kraft and textile eMuents), as different test
organisms were used. Sensitivities of the test organisms should however be similar as

they are all Ephemeropteran mayflies,

e To use the tolerance data to derive hazard-based effluent guidelines related to River

Health Class.

The results of this preliminary study recommends a 3% effluent concentration guideline

for both general kraft effluent (based on mean test results, Table 3.19) and general textule
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eMuent (based on mean test results, Table 4.16) for the protection of a Class A river.
Ranges for other river classes were also derived. Table 5.1 lists the recommended
guidelines. The LCS is ecologically more sensible than LCS0. as it provides 95%
protection for the population. As this study was based on limited data with only one test
species or population, the LC1 was used as a conservative estimate of mortality. The LC1
indicates the probability that only 1% of test organisms will disappear from the system.
Hazard-based guidelines indicated that low effluent concentrations should enter the

receiving water, if the environment is to be adequately protected.

Table 5.1 shows a list of the recommended hazard-based % effluent guidelines for
general kraft and textile effluents.

TABLES.1
RECOMMENDED HAZARD-BASED PERCENTAGE
EFFLUENT GUIDELINES FOR DISCHARGE OF GENERAL
KRAFT AND GENERAL TEXTILE EFFLUENTS,
RECOMMENDATIONS ARE BASED ON THE MEANS OF
VALUES SHOWN IN TABLES 3.19 AND 4,16 ‘

River health class

i Kraft efMuent Textile eMuent 1

- e — ] {

3 3 |

| ]
|

| 6 {

1 T —

b ‘ 10 8 i

b 1 9 - 1

E'F > 14 =4 1

e Toidentify suitable test organisms for toxicity testing.

Riverine indigenous macroinvertebrates may not be ideal for routine toxicity testing, as
there can be no guarantee of their presence in large numbers all year round. However.
their use allows a more direct prediction of effects in the receiving environment. For
short-term tests, aquatic invertebrates tend to be more tolerant to environmental stressors,
and Sloof (1988) warns that the impact of toxicants may therefore be under-estimated.
Once methods have been developed, these organisms may be suitable for sub-chronic or
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chronic toxicity tests, as aquatic organisms tend to exhibit increased sensitivity in long-
term tests, possibly due to lower resistance during moulting (Caims, 1992). A relatively
long exposure will probably ensure that most species undergo moulting and that species
have complete life-cycles during the exposure period. This will however require

extensive method development.

This study has shown that untreated pulp and paper kraft and textile effluents are acutely
toxic, and should not be allowed to enter the receiving environment at any time. as they
will have detrimental adverse effects to aquatic biota. To protect the aquatic environment,
strict measures should be taken to prevent impacts to water resources. The argument
could be that the effluents are not discharged directly to the aquatic environment, but are
ingated. Although effluents are imigated, the study has shown that kraft effluents
impacted on the groundwater, which surfaces as spring-water, and will end up in the
river. The impact of textile effluent to groundwater was not investigated, and should be
the focus of future rescarch, as preliminary investigations by Bruinette er al. (1997)
showed groundwater in the area to be impacted. Effluent monitoring by toxicity testing

1s recommended for effective environmental management.

The responses of 7. tincrus (Chapter 3) confirmed the findings documented in the
literature that untreated pulp and paper kraft effluents are toxic. The effluent batches
sampled in 1997 were more acutely toxic than effluents sampled in 1998, The difference
in responses of 7- tinctus to GKE in 1997 and 1998 could be related to inherent test or
experimental variability, or to type of wood species and efficiency in processing (Kovacs,
1992; Verta et al.. 1996). This is relevant as GKE is a combination of different streams
from the mill. The IKE LCS0 values showed similaritics between different batches
indicating that in the holding dam, there is probably some stabilization of the effluent.
thereby reducing the effluent variability. River water showed no toxicity, indicating the
good quality of the receiving water. Observed responses were therefore due to the

toxicant,
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The percentage frequency of bactids used for textile effluent testing (Table 4.17).
indicated that invertebrate occurrence is related 1o seasonal effects, ¢ g. reduction in water
volume and fMlow. Testing during all four seasons would have been ideal. but was not
possible as flow rates were drastically reduced during mid-winter and spring months.
Collecting organisms from a second site was not considered, in an ¢ffort to keep

organism genetic vanability 10 a minimum.

PITE toxicity results suggest that evaporation (during irrigation) and stabilisation (in the
form of degradation and settling ) in the holding dam may have reduced toxicity. The fact
that PITE was less toxic than GTE does not mean that it does not impact on  the

environment. Long-term chronic exposure may show PITE to be toxic.

Tomore effectively protect the environment, the management structures of both kratt and
textile mills should consider adopting Ecological Risk Assessment programmes, as their
efMuents are toxic and warrant better management. The management would have 1o be
conservative in the manner in which they treat or dispose of their effluent. and should
target zero impact. Both efMluents should be treated before irrigation to reduce variables
that contnibute to toxicity. As salinity has been identified as a problem in the Buffalo
River (Selkirk and Hart, 1984, DWA, 1986, DWAF, 1991), the discharge of saline

cffluents in aquatic environment should be prohibited.

To conclude, WET testing has shown that it can identify responses to complex saline
effluents using indigenous riverine invertebrates. WET can also be used by industry 1o
quantify the responses of riverine biota to particular chemical constituents and complex
whole effluents. Both 7.rincrus and baetid test organisms proved to be suitable test
organisms for toxicity testing. However, they should be considered as test organisms for
auditing purposes, as their availability cannot always be guaranteed. Regular toxicity
testing using a standard organism such as Daphnia should be included in efMuent
management programmes. Indigenous niverine invertebrates should be used 1o set
guidelines for ccosystems. as they are representative of the impacted aquatic

environment, thereby allowing a more direct prediction of effects.
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TABLEA | o
EFFLUENT VARIABILITY: PHYSICO-CHEMICAL CONSTITUENTS AND NUTRIENT CONCENTRATIONS
(EXPRESSED IN MG/L) MONITORED DURING GENERAL KRAFT EFFLUENT TONICITY EXPERIMENISOVER
WINTER 1997, (EFFLUENT WAS ANALYZED BY 1WOS), DO = FIRST DAY D4 = LAST DAY

Experiment | Experiment 2 Experiment 3 Eaperiment 4
Parameter
(mg/l) no D4 Do D4 DO D4 Do n4
EC (mSm) 4080 425.0 138.0 1340 3430 3500 1410 1089
| TDs 22860 23690 1034.0 9950 34300 jls40 1560 900.0
pH 83 87 T2 74 10.3 101 8.1 7.5
TAL 15.0 4.0 6o 126 0 4.0 <40 353.0 2860
SO} 9740 1086.0 s170 4850 6370 6220 ild4.0 2360
Cr 450 430 490 46.0 29.0 350 SO0 80
Ca™ 480 660 450 440 20.0 1530 250 20.0
Mg 330 530 7.0 7.0 21.0 13.0 10 30
Na’ 11150 1069.0 2490 237.0 703.0 747.0 390 2440
NH, =N 0.1 0.1 1.9 25 58 16 0.06 0.07
NO, + NO, -N <0.04 <004 0.3 008 <0.04 “<0.04 <004 01
PO,"-P <0.005 | <0005 | <0.005 0.06 6458 559.8 0.04 <0.00%
Fe- soluble ND 09 1.0 08 1.3 1.3 02 ND
Zn-soluble ND 0.8 0.09 03 03 0.6 0.5 ND
B-soluble ND 1.1 04 03 0.3 08 08§ ND
Mn-soluble ND 24 22 19 <0.001 14 04 ND
Al-soluble ND 4.3 1.3 09 2.2 3l 05 ND
ND = notdone 7




TABLEA2

EFFLUENT VARIABILIEY D PHYSICO-CHEMICAL CONSTITUENTS ANDNUTRIENT
CONCENTRATIONS (EXPRESSED IN MG/L) MONITORED DURING GENERAL KRAFT FFRLUENT
TONIOITY EXPERIMENTS OVERWINTER 1998, (EFFLUENT WAS ANALYZED BY IMOS),

DO = FIRST DAY D4 = LAST DAY

| Experiment § Experiment 6 !
Parameter (mg'l) .
' Do D4 Do Dy
EC (mS'm) 1100 ND 151.0 1610 "
TDs 8020 ND 1181.0 12520 I
~ pH 73 ND 69 79
TAL 140 ND 680 iTe 0 |
SO, ° 300.0 ND 259.0 302.0
Cl 600 ND 76.0 790
Ca™ 250 ND 203.0 206.0
Mg 7.0 ND 120 120
Na’ 1410 ND 1640 1750
— -
NH, -N <004 ND 005 0o0s |
NO, + NO, N “0.04 ND 0.05 006
PO, P <0.008 ND <0008 <0005 |
" Fe-soluble 09 ND ND 09
| Zn-soluble “<0.00S ND ND 0.2
|L B-soluble <0005 ND ND 0.3
f Mnfoluhk - [ ND ND 33 l
Al-soluble 13 ND ND 03
ND = not done S I



-

A ’7TA_.>l.t A 3 . - o |
PHYSICO-CHEMICAL CONSTITUENTS AND NUTRIENT CONCENTRATIONS(EXPRESSED IN MG/L)
MONITORED DURING GENERAL KRAFT EFFLUENT EXPERIMENT §, 1998

%o efMuent concentration
Parameter Control
(mg/l) | 3 10 30 50 100
EC (mS'm) 123 ND 23.7 32.7 $5.7 110.0 153
s 106.0 ND 1640 279.0 401.0 8020 17.0
pH 79 ND 74 79 73 69 £0
| TAL 90 ND 310 95.0 159.0 2590 70
r SO, ° <250 ND <250 <280 290 60.0 <250
B Cl 90 ND 13.0 190 250 250 100
Ca™ 6.0 ND 6.0 70 70 7.0 70
Mg’ 7.0 ND 19.0 480 77.0 144.0 720 |
Na’' 0.1 ND <0.04 “0.04 “0.04 <004 <0.04 j
NH, - N 02 ND <004 0l “0.04 “0.04 0.2 '
NO, +NO, -N | <0005 ND <0005 0.1 “0.005 <0.005 0.02
PO, -P 0.1 01 02 0.2 0.5 09 <0005
Fe-soluble <0005 | <0.005 <0005 “DO0S <0.00%8 <0.005 <0005 |
Zo-soluble | <0005 | <0005 [ <0005 | <0005 | <0005 02 <0005
B-soluble <0005 | <0.005 <0005 <0.005 015 03 <0.005
Mn-soluble <0001 | <0001 | <0.001 0.2 04 33 <0.001 |
Al-soluble 01 <0.02 “0.02 <002 03 03 <002 |

" ND = not_done
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PHYSICO-CHEMM AL CONSTITUENTS \.';:D.:I‘:'A‘:F\T CONCENTRATIONSEXPRESSEDOIN
MG MONTTORED DURING GENERAL RRAFTEFFLUENT EXPERIMENT 6, 1998
Parameter “o efMuent concentration —
(mg) ! 3 10 30 50 100
L EC (mS'm) 16.3 187 | 313 §4.1 813 158 § 144 |
DS 1275 | 11 240 481 744 12345 | 107 |
phl 77 7.7 78 76 78 7.7 79
TAL 95 IS 31 91 165 291 5 70
SO, ° <28 <28 <2$ 29 a4 R0 <25 |
cl 120 | 1w6s | 20 | 700 1noo | 2082 100
Ca' 70 6.5 50 90 100 120 70 |
Mg 80 s | 210 | s40 910 17222 70
'r Na 001 | <004 | 004 | 00a | <004 | 001 | <00
NH, -N <004 | <004 | <001 | <00 | <00a 01 01|
NO, = NO, -N | <0005 | 002 | <0005 | <0005 | <000s | <000s | <0.00s
L pOSp <0005 | 01 01 0.3 05 09 5.15
Fe-soluble | <0005 | <0005 | <0.00s | <0005 | 00 02 | <000s
Zo-soluble | <0005 | <0005 | <0005 | 01 02 03 | <000s
B-soluble <0001 | 01 | <0001 | <000 13 33 | <000
Mn-soluble | <0005 | 01 | <0005 | <0005 | <0005 | 03 | <0005
ND = not done



PHYSICO-CHEMICAL CONSTITUENTS AND NUTRIENTS CONCENTRATIONS (EXPRESSED IN MGL)
MONTTORED DURING IRRIGATION KRAFT EFFLUENT TOXICITY EXPERIMENT 7, 1998

TABLEAS

- ——— % eMucnt concentration o ;
(mg/N) 1 3 10 30 0 7% 100
EC (mS/m) 187 | 327 2s | no | 1500 234 2922 | 183
DS 1330 | 2000 | 1900 | ~No | n220 | 1483 | 19040 | 1170
pH 81 74 13 ND 7.5 69 65 80
TAL 190 | 240 2720 | No | 2360 | 3090 | a0 | 70
SO, * <2s | 420 60 | Np | 3500 | 4m0 | e300 | <250
a o | 140 no | No | 370 48.0 60.0 100
Ca* 70 8.0 70 ND 17.0 20.0 240 7.0
Mg 120 | 370 20 | Np | 3190 | 4230 | se40 70
Na® 004 | <004 | <00a | ND 0.1 0.1 0.1 <004
NH, - N 004 | 004 | 004 | ND | <004 | 004 | <004 0.2
NO, +NO, -N | 002 | <0008 | <000s | ~D 02 03 04 0.02
PO, -P 0.1 01 02 05 1.1 1.03 13 | <0008
Fesoluble | <0.005 | <0005 | <0005 | <0005 | <0005 | 00s | <0005 | <0005
Zn-soluble | <0008 | <000s | <0005 | o1 0.1 0.1 03 | <0.00s
B-soluble | <0.001 | <0001 | 02 09 1.4 25 31| <0001
Mn-soluble | <0.005 | <0001 | 01 05 0.7 11 16 | <0001
ND = not done



TABLEAG

PHYSICO=CHEMICAL CONSTITUENTS AND NUTRIENTS CONCENTRATIONS (EXPRESSED IN MG/L)

MONTTORED DURING IRRIGATION KRAFT EFFLUENT TOXICTTY EXPERIMENT 8, 1998

206

Parssseter “u eMuent concentration Control
(mg/h) I 3 10 0 s0 75 100
EC (mS'm) 187 25.5 29.5 ND 144.0 199.0 3100 153
ns 133.0 174.0 190.0 ND 859.0 14780 1940.0 7o
pHl 81 7.7 7.3 ND 1.8 6.9 6.7 80
— TAL 140 320 27.0 ND 157.0 3100 | 378.0‘ ;.0__-7
20,* <250 280 36.0 ND 282.0 472.0 6610 <250
Cl 1o 120 1o ND 0 480 580 10.0
Ca™ 7.0 7.0 70 ND 150 20,0 23.0 70
Mg 12.0 23.0 320 ND 243.0 4240 589.0 70
Na’ <0.04 <0.04 <004 ND 0.1 0.1 0.1 <004
NIl =N 004 | <cooa | <004 ND D04 “<0.04 <0.04 02
NO, ' NO, -N | <0005 | <0.005 | <0.008 ND 02 03 0.5 <0.005
PO, -P DN 0l 0.1 06 0.7 09 0.1 <0.005
Fe-soluble <0005 | <0005 | <0005 | <0.008 <0.005 <0.005 <0.005 <0.005
Zn-soluble <0.005 | <0005 | <0005 01 <0,005 02 02 <0.005
B-soluble 0.1 <0001 | <0001 09 13 2.2 30 <0.001
Mn-soluble <0005 | <0005 | <0.005 04 0.6 1.3 1.6 <0.008
ND = not done




—_— —

TABLEAT

PHYSICO-CHEMICAL CONSTITUENTS AND SUTRIENTS CONCENTRATIONS (EXPRESSED IN MGOL)

MONITORED DURING IRRIGATION KRAFT EFFLUENT TONICHTY EXPERIMENT 9, 1998

Porssizdter %% eMuent concentration — ‘
(mg/) 1 3 10 30 S0 25 100 |
EC (mS'm) 179 ND 62.3 1395 1990 | 050 195 0 136 |
108 146.0 ND 2220 | 8490 | 13330 | 20990 | 25360 120 |
L pH 80 ND 78 73 7.0 69 69 79
TAL 120 ND 65.0 1500 | 2425 4580 4650 7.0
s0,° <25.0 ND <250 | 2705 | 4455 | 7420 897 0 <25.0
| Cl 110 ND 17.0 265 37.5 54.0 610 10.0
{ Ca*' K0 ND 70 175 245 375 370 70
' Mg 150 ND 120 2295 3770 | 6155 776.0 70
! Na' <0.04 ND <0.04 03 06 10 1.4 <004 |
ONHL-N “0.04 ND <0.04 0.1 0.1 0.1 02 004 |
NO, *NO,-N | <0005 | ND | <0005 0.0 00 00 0.1 01
| PO)-P <0005 | 0.1 0.1 06 09 1l 9.1 s
Fesoluble | <0.008 | <0005 | <0.005 | <0005 0.1 0. 0.1 “0.008
Zn-soluble | <0.005 | <0005 | <0.005 01 0.1 0.1 0.2 <0.005
| Besoluble | <0001 | <0001 | <0.001 16 30 42 52 <0001
| Mn-soluble | <0005 | <0005 | <0005 | 04 0.3 05 06 <0005
ND = not done
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TABLEAS
PHVSICO-CHEMICAL CONSTITUEN TS AND NUTRIENTS CONCENTRATIONS (EXPRESSED IN MG/L) MONTTORED
DURING IRRIGATION KEAFT EFFLUENT TOXICITY EXPERIMENT 10, 1998

1
1

| Parameter %% efMucnt concentration o
 (me) | 3 10 30 o 5 100
EC (mS'm) 180 | 289 | ag7 | 382 | 1835 | 2570 | 3200 144
™S 1360 | 186 | 380 | sess | 13ses | 1906 | 24470 1070
pH 79 77 79 7.1 70 6.7 66 79 J
TAL 120 | 195 | s20 | 1905 | 2480 | 2070 188 0 |
50, 250 | 345 | ogo | 2795 | asss | ee0s | ss20 250 |
Cl s [ 120 | 160 | 280 | 375 50 59 10.0
| Ca® 75 85 no | 1mo | 255 | 330 190 70
Mg 135 | 3085 | 830 | 235 | 3905 | sero | 7200 70
Na' 004 | oo | <003 | 03 06 09 13 <0.04
NH, - N o1 | <00a | o 0.1 01 01 02 “0.04
' NO, «NO, N | o1 | <000s | <0005 | <000s | <0005 | 0 0.1 0.1
o) <0005 | <0005 | 0. 02 07 16 12 515
| Fesoluble | <0.005 | <0.00 | <0005 | <0005 | 0.0 0.1 0.1 <0.008
| Znsowble | <0.005 | <0.00s | <0.00s | <000s [ 00 0.05 0.1 <0.005
B-solble <0001 | <0001 | oo0s | 125 | 205 | 405 56 <0.001
Mn-soluble | <0.005 | 00 005 | 038 06 105 14 <0.005
ND = not done ‘



APPENDIX B

Probit method and Trimmed Spearman-Karber analyses data
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Probit method

Kraft effluent

Experiment | GKE

Observed
Number  Number Proportion
Cone. Exposed  Resp. Responding
0.5000 33 0 0.000
1.0000 36 0 0.000
2.0000 32 0 0.000
3.0000 35 0 0.000
4.0000 i6 | 0.028
5.0000 32 | 0.031
100000 36 7 0194
30.0000 3l 18 0581
50.0000 3l 3l 1.000
Chi - Square Heterogeneity = 7.429
Mu =~ 1288
Sigma 0310
Parameter Estimate Std. Err. 95% Confidence Limits
Intercept 0.852 0454 (-0.037601, 1.742469)
Slope 3221 0356 (2522384, 3919848)

Ieoretical Spontaneous Response Rate - 0.000

Estimated EC Values and Confidence Limits

A. Poim
EC 1.0 36763
EC 500 5.9835
EC10.00 7.7579
FC15.00 92441
EC50.00 19.3918
ECS5 00 406789
EC90.00 484722
EC95.00 62.8463
EC99.00 1022872

lLower

Conce.

2.3057
4.2108
5.7677
71030
16.0216
320109
37.3312
46 7199
70 6694

Upper

Adjusted
Proportion
Responding
0.000
0.000
0.000
0.000
0.029
0.03)
0.194
0.581
1.000

95% Confidence Limits

5.0567
76967
96905
11.3677
23.8609
66.5425
70.0429
965266
177.37
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Predicted
Proportion
Responding
0.000
0.000
0001
0.004
0014
0.029
0177
0.729
0.907



Experiment 2 GKE

Obscrved Adjusted
Number Number Proportion
Conc.  Exposed Resp. Responding
Control 45 i 0.022 0.000
10.0000 46 ? 0.152 0.128
15,0000 45 7 0.156 0.131
20,0000 a1 15 03541 0.322
25.0000 39 17 D436 0.420
30.0000 43 18 0419 0.402
15.0000 38 22 0.579 0.567
40,0000 4?2 30 0714 0.706
S0.0000 43 i3 0.767 0.761

Chi - Square Heterogeneity 4,308

Mu = 1478
Sigma 0.339

Parameter Estimarte Sud. Err. 95% Confidence Limits

B L L L L R I

Intercept 0,635 0.625 (-0.591, 1.861)
Slope 29054 043) (2.110, 3.798)

Spontancous 0028 0024 (-0.019,0.075)
Response Rate

Estimated EC Values and Confidence Limits

Lower Upper

Point Cone. 95% Confidence Limits
EC LOD 4.9 20 7.44

EC 5.00 8.33 4.89 11.32
EC10.00 11.06 7.23 14.20
ECI1500 1339 939 16.58
EC50.00 30.04 26.17 34.53
ECS5 00 6738 5424 96 81
EC90.00 81.57 6331 125.75
FC95.00 108.28 79.39 18582
EC99.00 18416 12078 38836
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Predicted
Proportion
Responding
0.028
0.079
0.187
0.301
0.407
0.499
0.578
0.643
0.743



Experiment 3 GKE

Observed Adjusted Predicted
Number Number Proportion Proportion Proportion
Conc Exposed Resp Responding Responding Responding
Control i3 4 0.118 0.000 0119
1.0000 32 2 0.062 -062 0.000

30000 i3 6 0.182 0.073 0000
10,0000 38 7 0184 0.075 0.000
30 0000 30 30 1.000 1.000 1.000
40.0000 34 34 1.000 1.000 1.000
50.0000 38 38 1.000 1.000 1.000
75.0000 41 41 1.000 1.000 1.000
100 0000 is is 1.000 1.000 1.000

Chi - Square Heterogeneity - 42 380

Mu - 1.446

Sigma  0.000

Parameter  Estimate Sud. Err. 95% Confidence Limits

Intercept  %6-6940809.000  %61550442.000 (%e-10734740.000, *%-3146877 500)

Slope 54799654 500 9651974250 (%63204273.500, *6395035.500)

Spontaneous  0.118 1.084 (-2.534, 2.769)

Response Rate

Estimated EC Values and Confidence Limits

Lower  Upper

Point Conc 95% Confidence Limits

EC 1.00 27932 57504 1479063

EC 5.00 27.932 57504 147.9065

EC10.00 27.9323 5.7504 1479065

EC15.00 279323 57504 147 9065

ECS0.00 27.9323 5.7504 1479066

EC85.00 27.9323 5.7504 147 9066

EC90.00 279323 5.7504 147 9066

EC95.00 279323 57504 147 9066

EC99.00 279324 57504 147 9068
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Experiment 4§ GKE

Observed Adjusted Predicted
Number  Number Proportion Proportion Proportion
Cone. Exposed  Resp. Responding Responding Responding
Control 36 s 0.139 0.000 0.133
1 0000 33 3 0.091 048 0.000
3.0000 37 7 0.189 0.065 0.020
100000 40 19 04758 0.395 0.410
30 0000 38 36 0.947 0939 0928
40 0000 40 38 0.950 0942 0970
SO 0000 40 40 1.000 1.000 0987
75.0000 40 40 1.000 1.000 0.998
100 0000 38 38 1.000 1.000 1.000

Chi - Square Heterogenety -~ 2,522

Mu < 1.065
Sigma = 0.286

Parameter Estimate  Std. Err. 95% Confidence Limits

Intercept 1279 0721 ( -0.134, 2693)
Slope 3494 0547 (2422, 4.5606)

Spontancous  0.133 0036 ( 0.063, 0202)
Response Rate

Estimated EC Values and Confidence Limits

Lower  Upper

Point Cone 95% Confidence Limits
EC 1.0 2.5064 0.9571 4.2489
FC 500 3.9272 1.8125 6.0472
EC10.00 19895 2.5422 7.3148
EC15.00 5 8646 11901 8.3280
ECS0.00 16110 K.1290 14.7647
EC85.00 229879 184204 294357
EC90,00 27.019% 21.6756 35,7395
ECYS.00 314 3088 27 0985 48 S0%9
EC99.00 537878 39,7967 890081



Experiment S GKE

Cong.

Control
30000
10.0000
30.0000
S0.0000

100 0000

Number Number
Exposed  Resp.
87 R)

41 |

39 |

36 12

41 30

a1 44

Chi - Square Heterogenenty 0.980

Mu 1.578
Sigma 0.175

Parameter Estimate

Observed
Proportion
Responding

0.0846
0.024
0.026
0.333
0.732
1.000

Adjusted
Proportion
Responding

0.000
-012
-01

0.308
0.722
1.000

Sud. Err. 95% Confidence Limats

Spontancous
Response Rate

0036

------------------------------

1.753 (-7.436, -0.564)
1.077 (3.594, 7.815)

0014 (0.008. 0.064)

Estimated EC Values and Confidence Limits

Poimt

EC L0

EC 500
EC10.00
ECI15.00
ECS0.00
EC85.00
EC90.00
EC9S 00
EC99.00

Conc.

14.79
1947
22.54
24 89
3781
57.46
6343
7345
96.71

Lower  Upper
95% Confidence Limits
7.86 19.9%
12.08 2459
15.16 27.52
17.65 29.73
. 4282
49.96 73.01
54.26 84.55
60.99 105 64
75.35 161.76
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Predicted
Proportion
Responding

0036
0.000
0.000
0.283
0.756
0992



Experiment 6 GKE

Observed Adjusted Predicted
Number  Number Proportion Proportion Proportion
Conc. Exposed  Resp. Responding Responding  Responding
Control 101 | 0.010 0.000 0.033
1.0000 39 I 0.026 =007 0.000
3.0000 39 1 0.103 0072 0.000
10.0000 s 1 0.029 =004 0.008
30.0000 17 8 0216 0.110 0.149
$0.0000 34 1 0323 0.301 0.369
100.0000 42 32 0.762 0.754 0.734
Chi - Square Heterogenerty = 7.293
Mu | 804
Sigma = 0314
Parameter Estimate Std. Err. 95% Confidence Limits
Intercept -0.737 1.145 (-2981, 1.508)
Slope 3.180 0643 (1.919203, 4442)
Spontancous 0.033 0.012 (0.008166, 0.057)
Response Rate

Estimated EC Values and Confidence Limits

Lower  Upper
Point Conc, 95% Confidence Limits
EC LOO 11.813 3.967 19.247
EC 5.00 19.346 8.877 27.738
EC10.00 25.167 13.571 313.866
EC15.00 30.055 18.002 38908
ECS0.00 61.648 51.944 80.016
ECR5.00 134.787 101.077 244010
EC90.00 160.969 115800 324574
EC95.00 209.397 141.068 497376
EC99.00 3429038 202.8747 1115167



Experiment 7 IKE

Observed Adjusted
Number  Number Proportion Proportion

Conc. Exposed  Resp Responding Responding
Control 87 4 0.046 0.000

1.0000 42 2 0.048 - 003
3.0000 46 1 0022 =030
10.0000 40 4 0100 0.052
30,0000 4 20 0488 0.461
50.0000 il 28 0.807 0.796
75.0000 44 44 1.000 1.000
100 0000 42 42 1.000 1.000

Chi - Square Heterogeneity 4676

Mu = 1.503
Sigma =~ 0178

Parameter Estimate  Sud. Err. 95% Confidence Limits

Intercept -3439 1.616 (-6 606, -0272)
Slope S613 1.005 (3.643,7.583)

Spontaneous  0.050 0015 (0.021, 0.080)
Response Rate

Estimated EC Values and Confidence Limits

Lower Upper
Point Conc. 95% Confidence Limits
EC L0 12.28 6.36 170088
EC S.00 16.23 9.73 21030
EC10.00 1884 12,19 23.589
EC15.00 2084 14.17 25514
ECS50.00 3188 26.23 36.349
ECS85.00 48.77 42.86 58.671
£C90.00 $3.93 46 94 67 381
EC95.00 62.60 53.25 834556
EC99.00 82.79 66.52 126 406
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Predicted
Proportion
Responding

0.050
0.000
0.000
0.002
044
0.864
0981
0997



Experiment 10 IKE

Observed Adjusted  Predicted
Number Number Proportion  Proportion  Proportion

Cong Exposed Resp. Responding Responding  Responding
Control 100 4 0.040 0.000 0038

1.0000 41 I 0.024 - 018 0.000

3.0000 40 | 0.025 -014 0.000
10.0000 42 2 0.048 0.010 0.000
300000 38 I8 0474 0.453 0443
S0.0000 40 36 0900 0896 0912
75.0000 40 40 1.000 1.000 099
1000000 39 39 1.000 1.000 1.000

Chi - Square Heterogeneity < 0.641

Mu = 1498
Sigma - 0.149

Paramcter Estimate  Std. Err. 95% Confidence Limits

Intercept  -5.087 2057 (-9.119217,-1.054522)
Slope 6.732 I 0.303  (4.178942, 9.285885)

Spomaneous  0.038 0.0143 (0.010429, 0.066402)
Response Rate

Estimated EC Values and Confidence Limits

Lower  Upper
Point Conc. 95% Confidence Limits
EC 1.00 14.21 7.72 18.88
EC 500 17.94 1LI8 22.47
EC10.00 20.32 13.61 24.68
EC15.00 22.10 15.52 26.33
ECS0.00 350 26,48 AL |
EC85.00 4490 4003 53.46
EC90.00 48 .82 4314 60.35
EC95 00 5528 47 83 72.76
LEC99.00 69.79 5737 104 55
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Textile effluent

Experiment | GTE

Observed Adjusted Predicted

Number Number Proportion Proportion Proportion

Conc. Exposed Resp. Responding Responding  Responding
Control 32 2 0.062 0.000 0.070
1.0000 32 2 0.062 - D09 0.000
3.0000 36 3 0.083 0014 0.000
5.0000 35 2 0.057 -014 0.000
10.0000 35 3 0.086 0017 0.009
20.0000 35 15 0429 0385 0283
30.0000 28 15 0.536 0.500 0.680
40,0000 3l 27 0871 0861 0 886
50.0000 32 32 1.000 1.000 0962
60.0000 40 40 1.000 1.000 0.988
75.0000 37 37 1.000 1.000 0.998
1000000 35 35 1.000 1.000 1.000

Chi - Square Heterogeneity - 7.273

Mu ~  1.398
Sigma ~ 0169

Parameter Estimate  Sud. Err. 95% Confidence Limits

Intercept <3270 1299 (-5816, -0.724)
Slope 5915 0863 (4.224, 7.606)
Spontancous 0070 0.020 (0.031,0.110)
Response Rate

Estimated EC Values and Confidence Limits

Lower  Upper

Poimt Conc. 95% Confidence Limits
EC 1.00 1011 6.28 13.28
EC 5.00 13.18 9.06 16.40
EC10.00 15.19 11,00 1838
ECI5.00 1671 12.53 1987
ECS0.00 25.01 21.36 28.06
EC85.00 37.44 3382 4304
EC90.00 41.19 36.65 4847
EC95.00 4744 41.52 58.21
EC99 00 61.86 51.81 83.14
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Experiment 4 GTE

Observed

Number  Number Proportion
Conc Exposed  Resp Responding
Control 26 3 0118
1.0000 27 S 0.185
3.0000 30 14 0467
5.0000 29 12 0414
10,0000 28 20 0.714
15.0000 26 23 0 885
20.0000 20 29 1.000
25.0000 33 33 1.000
30.0000 3l i 1000
S0 0000 33 i3 1.000

Chi - Square Heterogeneity 8373

Mu 0.781
Sigma 0304

Adjusted
Proportion
Responding

0000
0.010
0.352
0.288
0.653
0866
1.000
1.000
1.000
1.000

Parameter Estimate  Std. Err. 95% Confidence Limits

N RSN ec st sttt t iRttt tec s ntcae sttt sttt lbecccnccasassEs

Intercept 2435 0529 (1,397, 3473)
Slope 1283 0si6 (2273, 429%)

Spontancous  0.177 0.053 (0,072, 0.281)
Response Rate

Estimared EC Values and Confidence Limits

Lower  Upper
Point Conc. 95% Confidence Limits
EC LoD L8 0.42 .06
EC 500 1.9 0.84 .00
EC10.00 246 1.21 368
ECIS 0D 2.92 1.54 422
EC50.00 6.04 418 7.74
FC85.00 12.50 996 16.16
FC90 .00 1484 1183 1990
ECY95.00 19.15 14.97 27.61
EC99 00 30 88 2246 S288

Predicted
Proportion
Responding

0.177
0.005
0.159
0.3%
0.764
0903
0956
0979
0989
0999



Experiment 8 GTE

Observed  Adjusted Predicted
Number Number Proportion Proportion  Proportion

Cong. Exposed Resp. Responding Responding  Responding
1. 0000 35 2 0.057 0025 0.000
3.0000 14 2 0.059 0.026 0.000
5.0000 15 3 0.086 0.054 0.000
10,0000 i3 S 0.151 0.122 0.052
15.0000 29 9 0310 0287 0.337
20,0000 3s 21 0.600 0586 0.667
30.0000 32 32 1.000 1 000 0949
$0.0000 a0 40 1.000 1.000 0.999
100.0000 37 37 1.000 1.000 1.000

Chi - Square Heterogenety = 9.201

Mu = ].238
Sigma 0147

Parameter Fstimate  Std Emr 95% Confidence Limits

Intercept  -3.441 1.367 (-6.120, -0.762)
Slope 6819 1.079 ( 4705, 8933

Theoretical Spontancous Response Rate = 0.033

Estimated EC Values and Confidence Limits

Lower  Upper
Point Conc. 95% Confidence Limits
EC 1.00 7.88 sn 9.77
EC 5.00 9.92 7.38 11.72
EC10.00 11.22 877 1294
EC15.00 12.18 984 13.85
EC50.00 17.29 15.52 19.05
EC85.00 24.53 2193 2925
EC90.00 26 .65 23.582 32,75
EC95.00 30.13 26.02 38 88
EC99.00 37.92 31.28 S380



Trimmed Spearman-Karber analyses

DATE: 20-08-99

TEST NUMBER: EXP6

CHEMICAL KRAFT EFFLUENT SPECIES. TRYCORYTHUS
RAW DATA
CONCENTRATION(% ) LOO 300 1000 30.00 50.00 100.00

NUMRBER EXPOSED

DURATION (HOURS )
Yt

39 3% 33 37 3\ R

LCS0 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM

5273 8722 2482

17-08-99 TEST NUMBER: EXP7
CHEMICAL: KRAFT EFFLUENT SPECIES: TRYCORYTHUS
RAW DATA:

CONCENTRATION("%) 100 3.00 1000 30,00 50.00 75.00 100.00

NUMBER EXPOSED

42 6 0 N EN I N

DURATION (hours)  LCSO  LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM

' 27.16

DATE: 17-08-99

2228 i3 00

TEST NUMBER: EXPS

CHEMICAL KRAFT EFFLUENT SPECIES: TRYCORYTHUS
RAW DATA:
CONCENTRATION(%) 1LOO 300 1000 30.00 S0.00 75.00 100.00

NUMBER EXPOSED:

DURATION (HOURS)
96

DATE: 20-08-99

39 3% 3% 39 2 40 4l

LC50 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM

2463 1346 00

TEST NUMBER: EXP9

CHEMICAL: KRAFT EFFLUENT SPECIES: TRYCORYTHUS

RAW DATA
CONCENTRATION(%)
NUMBER EXPOSED:

DURATION (HOURS )
%

DATE: 20-03-99

100 300 3000 5000 7500 100.00
M 43 40

LC50 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
19.32 13.57 27.51 11.66

TEST NUMBER: EXP 10

CHEMICAL KRAFT EFFLUENT SPECIES: TRYCORYTHUS
RAW DATA
CONCENTRATION(%:) 100 300 1000 30.00 5000 75.00 10000

NUMBER EXPOSED.

DURATION (HOURS )
96

4 W 2 8 4 0 39

LCS0  LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
27.66 23.26 3290 00
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DATE. 24-11-1997 TEST NUMBER: EXP1

CHEMICAL: TEXTILE EFFLUENT SPECIES: BEATIDS
RAW DATA
CONCENTRATION(*DILUTIO) 100 300 500 1000 2000 30,00 40.00 5000 75.00 10000
NUMBER EXPOSED: 32 36 35 35 35 28 31 32 37 35
DURATION (HOURS)  LCS0 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
24 2502 22.12 28 31 00
4% 25.08 1964 27.11 00
90 25,61 19.00 29354 00
DATE: 151998 TEST NUMBER: EXP 2
CHEMICAL: TEXTILE EFFLUENT SPECIES: BAETIDS
RAW DATA
CONCENTRATION(%) 100 300 10.00 30.00 30,00 50.00 100.00
NUMBER EXPOSED: 21 21 23 21 29 28 29
DURATION (HOURS ) LCS0 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
w6 6.40 2.80 1463 26.67
48 919 572 14.77 1881
24 11.20 783 16.04 10.20
DATE: 7-5-1998 TEST NUMBER: EXP3
CHEMICAL: EFFLUENT SPECIES. BAETIDS
RAW DATA:
CONCENTRATION(%) 1.00 300 1000 1500 2000 2500 3000 50.00
NUMBER EXPOSED: 24 25 23 2 29 28 27
DURATION (HOURS) LC50 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
24 10.60 886 12.68 00
48 992 810 12.16 408
9% 943 749 1186 816
DATE: 11-5-199 TEST NUMBER: EXP4
CHEMICAL: TEXTILE EFFLUENT SPECIES: BAETIDS
RAW DATA:
CONCENTRATION(%) 100 300 500 1000 1500 2000 2500 3000 50,00
NUMBER EXPOSED: 27 31 25 25 26 32 34 32 135
DURATION (HOURS) LCS50 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
24 10.68 831 12,96 00
48 7.19 546 945 30
96 5.58 4.08 764 m
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DATE: 24-11-1998 TEST NUMBER: EXP 8

CHEMICAL: TEXTILE EFFLUENT SPECIES: BAETIDS
RAW DATA:
CONCENTRATION(%) 1LOO 300 10.00 2000 3000 4000 5000 60.00 7500 100.00
NUMBER EXPOSED: 32 35 135 o 36 33 2 W 37 35
DURATION (HOURS )  LC50 LOWER 95% LIMIT UPPER 95% LIMIT PERCENT TRIM
24 26 .66 2393 2971 00
4K 29 65 25 50 3448 00

0 3074 2641 3579 00

rJd
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APPENDIX C

Hazard-based guideline ranges for kraft effluent



TameC1
EXPERIMENT 2, GKE: A RANKED LIST OF TOXICITY TEST END-POINTS, EACHWITH A SPECIFIC HAZARD
DESCRIPTION (TABLE 2.2) AND ASSOCIATED RIVER HEALTH CLASS. RESULTANT GUIDELINE RANGES FOR
KRAFT EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1)AND HAZARD-BASED DESCRIFTION (TABLE
2.2) ARE BASED ON PALMER AND SCHERMAN, IN PRESS,

e Suggested
Tolerance test end % eMuent Summarised risk description River health Siaans
points concentration class
| concentration
Chronic test results minimal hazard 1o intolerant
not available M— biota - no acute response h §=3
AEV 14 Low hazard to moderate biota:
- evidence of an acute response,
LC1 lower 95% CL 23 but 95% probability of less than n .
- 1% mortality after acute S
L.CI 19 Cxposure
LCS lower 95% CL a8 moderate hazard to intolerant
biota, 95% probability of C s 9
LCT upper 95% CL 74 mortality between 1-5 % after
l acute exposure.
| High hazard - best estimate of
LCS 83 5% monality after acute D 7-11
exposure.
X o) Unacceptable hazard - 95%
| 1C5 upper 95% CL 1.3 probability of at least 5% EF 11
’L mortality after acute exposure.
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Tasrr C2

EAPeRENT 3, GKE: A RANKED LISTOF TOXICEEY TEST ESD-POINTIS, EACHWITH A SPECIFIC HAZARD
DESCRIPEION (TABLE 2Z.2) ANDASSOCIATED RIVER HEALTH CLASS, RESULTANT GUIDELINE RANGES FOR
KRAFT ERFLUENT ARE GIVEN. Coass DERINTTIONS (TAREE 2.1)AND HAZARD-BASED DESCRIFTION (TAam

2.2) ARE BASED ON PALMER AND SCHERMAN, IN PRESS.

|

ra
g
>

Tolerance test %% effluent River Suggested
end-points concentration | Summarised hazard description health efMuent
class concentration
Chronic test results P minimal hazard to intoleramt biota - A 0-04
not available no acute response
ALV 0.5 Low hazard 10 moderate biota: |
evidence of an acute response, but
LT lower 95% CL 0.0 95% probability of less than 1% B 05-1
mortality after acute exposure
1LC1 1.1
LCS lower 95% CL 0.04 moderate hazard to intolerant biota,
g ' 95% probability of mortality .
, s ’ C 1-4
95% CL 16 between 1-5 %6 after acute
' LC1 upper 95% ’ exposure
- - - T
LCS 21 High hazard - best estimate of §% D 4-6
| mortality afier acute exposure.
I Unacceptable hazard - 95%
| LCS upper 95% CL 54 probabihity of at least 5% mortality E'F 6
1 after acute exposure.




Tams C3

2.2) ARE BASED ON PALMER AND SCHERMAN, IN PRESS,

e,

FAPERIMENT 4, GKE: A RANKED LIST OF TONICITY TEST END-POINTS, EACHWITH ASPECTEIC HAZARD
DESCRIPTION (TABLE 2.2) AND ASSOCIATED RIVER HEALTH CLASS, RESULTANT GUIDELINE RANGES FOR
COKRAFT EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1)AND HAZARD-BASED DESCRIPTION (TABLE

l

227

Suggested
Tolerance test end- % ¢fMuent Summarised hazard description River health offiesnt |
points concentration class
concentration
Chronic test results P— minimal hazard to intolerant biota A 01 |
not available = NO acute response .
AEV 12 Low hazard 1o moderate biota
evidence of an acute response, but
LCI lower 95% CL 09 95% probability of less than 1% B 1-3
mortality after acute exposure
LCI 25 ’
LCS lower 95% CL 1.8 moderate hazard to intolerant
‘ biota, 95% probability of C 3.4
LCI upper 95% LC a2 mortality between 1-5 % after ’
- acute exposure
LCS 30 High h_amd-bestewmalc of 5% D 4-6
mortality after acute exposure.
Unacceptable hazard - 95%
LCS upper 95% CL. 6 probability of at least 5% EF -6
mortality after acute exposure




TamrC4

EXPERIMENT S, GKE: A RANKED LIST OF TONICUTY TEST END=POINTS, FACHWITH A SPECIFIC HAZARD
DESCRIPTION (TABLE 2.2) AND ASSOCIATED RIVER HEALTH CLASS, RESULTANT GUIDELINE RANGES FOR
KRAFTEFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2. 1AND HAZARD-BASED DESCRIFPTION (TABLE 2.2)
ARE BASED ON PALMER AND SCHERMAN, IN PRESS.

“ Suggested
| Tolerance test end- ‘o efMuent —— 4 hazard description River health Mot
| points concentration class

concentration
Chronic 1est results minimal hazard to intolerant bota %
unknown A 0 7
not available - N0 acute response
AEV 7.3 Low hazard to moderate biota:
evidence of an acute response, but
LCT lower 95% CL. 78 95% probability of less than 1% B 7-18
mortality after acute exposure
LCI 14.7
.[ LCS lower 95% CL 12 moderate hazard to intolerant
biota, 95% probability of 15 20
| 959 19.9 mortality between 1-5 %6 after C .
| LC1 upper 95% CL. acule exposure
i - <o,
| LCS 19.4 High h'uxd best estimate of 5% . 20 3%
' mortality after acute exposure
! LCS upper 95% l'naccc_p_ublc hazard - 95%
[ cl 24.5 probability of at least 5% EF >28
| CL
|

mortality atter acute exposure




TTABLEC S

EXPERIMENT 6, GKE: A RANKED LIST OF TOXICITY TEST END-POINTS, EACH WITH A SPECTHIC HAZARD
DESCRIFTION (TABLE 2.2) AND ASSOCIATED RIVER HEALTH CLASS. RESULTANT GUIDELINE RANGES FOR
KRAFT EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1)AND HAZARD-BASED DESCRIFTION (TABLE 2.2)
ARE BASED ON PALMER AND SCHERMAN, IN PRESS,

. Suggested
Tom“::::‘ — a % .::::‘:‘ Summarised hazard description .“:i':::.“ cfMuent
pot concentration
Chronic test results minimal hazard to intolerant biota
: Unknown A 0 -6
not available = NO ACUTE TESPONSse
ALV 59 Low hazard to moderate biota:
evidence of an acute response,
LC1 lower 95% CL 39 but 95% probability of less than B 6 12
1*s monality after acute exposure
1.CI 11.8
. moderate hazard 1o intolerant
: 95% CL -
LCS lower 95% CI 88 biota, 95% probability of
montality between 1-5 % after C 12-20
LCT upper 95%C1. 192 "y aikhd .
acute exposure
. High risk - best estimate of 5%
LS
. 193 mortality after acute exposure. D 20-3
Unacceptable risk - 95%
LCS upper 95% CL 27.7 probability of at least 5% EF 30

mortality after acute exposure
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TameC 6

ARE BASED ON PALMER AND SCHERMAN, IN PRESS.

]

EXPERIMENT 7, IKE: A RANKED LIST OF TOXICITY TEST END-POINTS, EACHWITH A SPECIFIC MAZARD
DESCRIFEION (TARLE 2.2) AND ASSOCTATED RIVER HEALTH CLASS, RESULTANT GUIDELINE RANGES FOR

CORMAFT EFFLUENT ARE GIVEN. CLASS DEFINTTIONS (TABLE 2.1)AND HAZARD-BASED DESCRIPTION (TABLE 2, 2)
I

Suggested
Tokn-c_c test end- %% ¢fMuent Summarised hazard description River health - .
points concentration class |
concentration
Chronic test results ) Minimal hazard to intolerant biota -
Unknown A 0-6
not available = 10 Acule response |
ALV 6.1 Low hazard to moderate biota: ]
| evidence of an acute response. but 4
| LCI lower 95% CL 63 95% probability of less than 1% n 6-12 |
, mortality after acute exposure
LCI 122 l
- A Moderate hazard to intolerant |
S . %% 7 g
o - biota, 95% probability of ) - .
‘ mortality between 1-5 % after ‘ 12-17 ‘
LC1 upper 95% CL. 17 Y e
acute exposure J‘
High hazard - best estimate of 5% |
S =
l LG 162 mortality after acute exposure. D 17-26 |
- ~
) Unacceptable hazard - 95% o j
LCS upper 95% CL 262 probability of a1 least 5% EF 26

mortality after acute exposure.




TapLe C7

EXPERIVIENT 10, GKE: A RANKED LIST OF TOXICITY TEST END-POINTS, EACH WITH A SPECIFIC HAZARD
DESCRIPTION (TABRLE 2.2) AND ASSOCIATED RIVER HEALTH CLASS, RESULTANT GUIDELINE RANGES FOR

- ey
|

ARE BASED ON PALMER AND SCHERMAN, IN PRESS,

KRAFT EFFLUENT ARE GIVEN, CLASS DEFINITIONS (TABLE 2.1AND HAZARD-BASED DESCRIFTION (TARLY 2.2)

Suggested
Tolerance test end- %% eMuent . River
& Wi 5l Summarised hazard description T e em-mu- |
concentration
Chronic test results . Minimal hazard to intolerant
) Unknown : A 0-7
not available biota - no acute response
7.1 Low hazard to moderate biota
ALV ’
evidence of an acute response,
LC1 lower 95% C1 1.7 buf 95% p@babulnty of less than B 7-14
‘ 1% monality after acute exposure
LCI 142
‘ moderate hazard to intolerant ‘
5 % C 2 A st
LCS lower 95% CL i biota, 95% probability of - —_—
LC1 upper 95% CL 189 mortality betwoen 1-5 % after
acute exposure
High hazard - best estimate of
LCS 17.9 $% monrtality after acute D 18- 23
exposure
Unacceptable hazard -~ 95% ‘
LCS upper 95% CL 22.5 probability of at lcast 5% EF >23
1| monality afier acute exposure. _ |




APPENDIX D

Physico-chemical constituents of groundwater



TameDI
RANGES OF PHYSICO=CHEMICAL CONSTITUENTS AND NUTRIENT CONCENRATIONS (EXPRESSED
IN MG/L) MONTTORED DURING GROUNDWATER TOXICITY TESTING EXPERIMENT 11, (SAMPLES
WERE ANALYZED BY IWQS),

Parameter Groundwater mixtures (%) Control
(mg/l)
10 28 S0 100
EC (mS'm) 279-31.3 43.3-513 743-774 107 4-143.0 11.7-15.4
DS 17302150 | 291.0-331.0 | 5000-5690 | 81408710 | 960-1080
pH 79.8.1 81-82 8384 8384 7080
SO” 20.0-49.0 43 .0-56 .0 780940 144.0-160.0 9.0-120
Cr <25.0-320 47.0-690 1220-1420 | 227.0-2590 <250
Ca™ 18.0-21.0 320-350 560610 71.0-76.0 9.0-10.0
Mg 11.0-13.0 190-21.0 320-370 62.0-69.0 6070
Na' 14.0-16.0 27.0-290 50.0-570 95.0-103.0 70-80
NH, - N <0.04 <0.04 <0.04 <0.04 <004
NO, * NO, -N <0.04 <0.04 0.0-0.10 <0.04 <004
PO, P 0.1-03 02-04 04-06 06-10 00-02
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(SAMPLES WERE ANALNZED BY 1WOS).

TABLED 2
RANGES OF PHYSICO-CHEMICAL CONSTITUENTS AND NUTRIENT CONCENRATIONS (EXPRESSED
IN MG/L) MONITORED DURING GROUNDWATER TOXICITY TESTING EXPERIMENT 12,

Parameter Groundwater mixtures (%) Control
(mgA) = e
10 28 su 100
FC (mS'm) 25 1-306 476-53.7 717-842 [ 10981330 | 117-154
DS 177.0-2040 | 28803330 | 499.0-5560 | 8200-8810 | 96 0-1080
pH 79-81 7982 820830 8283 7980
SO, 20.0-25.0 39.0-46.0 81.0-850 | 1500-1660 | 90-120
cr <250-330 | 610730 1200-1390 | 2330-263 0 <250
Ca™ 180-21.0 320370 $5.0-60.0 70 0-98.0 9.0-100
Mg 11.0-13.0 19.0-220 3120370 61 0-68 0 60-70
Na' 150160 260-310 S0.0-540 95.0-104.0 7.0-80
NH, -N 0.4 <004 <0.04 <0.04 <004
NO, + NO, -N 0.4 <004 <0.04 <0.04 004
PO, P 0.1-03 0304 04-06 0.5-1.1 0.0-02
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TAaBLED 3

PHYSICO-CHEMICAL CONSTITUENTS AND NUTRIENT CONCENTRATIONS (EXPRESSED IN MG/L) MONITORED
DURING GROUNDWATER TOXICITY TESTING SHOW ING CHANGES DURING TOXICITY TESTING OVER 12 DAVS,

"'('::n’;" Day 0 Day 4 Day 8 Day 12
Experi- | Experi- | Experi- Experi- Experi- | Experi- | Experi- | Experi-
b ment 11 | ment 12 | ment 11l | ment12 | mentll | ment 12 | ment 11 | ment 12
EC (mS'm) 139.0 142.0 107.0 109.0 1430 1440 1150 139.0
TDS 8710 8810 £14.0 8280 8370 8470 8180 8200
pH 84 83 83 83 83 8.2 83 83
SO,” 1440 1500 160.0 166.0 160.0 1610 157.0 158.0
Cl 2270 2330 2520 2620 2590 2640 2530 256.0
Ca*” 94.0 98.0 73.0 720 76.0 750 710 700
Mg 62.0 61.0 63.0 65.0 65.0 66.0 690 680
Na’ 95.0 950 1020 104.0 103.0 105.0 1000 100.0
NH, -N <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <004
NO,+ NO, -N | <0.04 “0.04 <004 <004 <0.04 <0.04 <0 <004
PO - P 10 10 09 11 06 0.5 09 08
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