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Extractives constituents of bleached kraft pulp mill (BKPM) effluents are focused as sources of toxicity.
Phytosterols are among the compounds present in wood extractives. Effluents with phytosterols
concentrations as low as 0.26- 1.0 mg/L have reported chronic toxicity. b-sitosterol and stigmasterol
have been detected in treated BKPM effluents. Daphnids like D. magna have used for testing acute
and chronic toxicity of effluents and pure compounds. The aim of this work is to evaluate the acute
toxicity of BKPM effluent and phytosterols by using D magna and D. obtusa.

BKPM effluent from a local industry was used in the assays. The effluent was characterized regarding
pH, Chemical Organic Demand (COD), Biological Organic Demand (BODs), phenolic compounds
(UV,15), color (VIS 440), and phytosterols contents. The acute toxicity at 24 - 48 h to female D. magna
and D. obtusa (< 24 h old) were evaluated for BKPM effluent and b-sitosterol & stigmasterol (0.3 and
1.0 mg/L). The lethal concentration (LCsy) was calculated using the Probit and the Spearman-Karber
methods. COD, BODs, phenolic compounds (UVa35) and color (VIS 440) of effluent were performed
according to Standard Methods. Phytosterols contents were measured by CG-MS, after
dichloromethane extraction. COD and BODs concentrations were 881 + 24.3 mg/L and 300.5 + 9.44
mg/L, respectively. Concentrations of b-sitosterol (0.333 + 0.028 mg/L) and stigmasterol (0.069 +
0.014 mg/L) were measured in the effluent. Acute toxicity of the effluent was obtained to D. magna
(LCsp 48 h 42.08 + 6.5 %), however not toxicity was detected on D. obtusa. Moreover, no toxicity was
detected by daphnids (LCsp 24 h> 100 %) in b-sitosterol or stigmasterol separately. Conversely, 0.3
mg/L of b-sitosterol & stigmasterol concentrations were toxic to D. magna (LCsp 48 h 20.48 + 3.4 %).
Stigmasterol on BKPM effluent has high toxicity than b-sitosterol. Together they were more toxic than
separately.
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INTRODUCTION

Pulp mills generate high quantities of effluent, about 60 m*ton of pulp. Improvements on bleaching
processes had a positive impact in the quality of the BKPM effluent, specially regarding to its toxicity.
However, the main source of BKPM effluent toxicity is the extractives constituents released during
cooking and debarking process. Most of pulp mills recover the extractives in a separate process.
However, the recovery process are not effective, Because of this, part of these compounds are
transferred to the treatment plant (Rod ko et al. 1996, Thompson et al. 2001).

Resin acid, long chain fatty acid, phenols, terpens, phytosterols and triglycerides are the main wood
extractives. Softwood (SW) like pines has more extractives (0.5- 7.0 %) than hardwood (HW) (0.2- 3.5
%). BKPM effluents from SW have high resin acid content (0.1 and 12 mg/L). Whereas those from
HW are more abundant in phytosterols (0.02 to 3.4 mg/L). Figure 1 shows phytosterols concentration
according to the kind of wood used as raw material in BKPM (Hewitt et al. 1996, LaFleur 1996,
Mellanen et al. 1996, Stromberg et al. 1996, Verta et al. 1996, Cook et al. 1997, Kukkonen et al. 1999,
Mattsson et al. 2001, van den Heuvel et al. 2002).
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Figure 1. Phytosterols concentration in kraft mill effluent according to the raw material: softwood (SW),
hardwood (HW), and combination of softwood and hardwood (SW-HW).

b-sitosterol, stigmasterol, campesterol, b-sitostanol, stigmastanol and campestanol are the main
phytosterols contained on BKPM effluents (Figure 2 a) (Verta et al. 1996, Cook et al. 1997, Jenkins et
al. 2001, van der Heuvel et al. 2002). Phytosterols concentration on BKPM treated effluent could
achieve 1.3 mg/L, where more than 50 % correspond to b-sitosterol (Karels et al. 2001, Mattsson et al.
2001, Larsson et al. 2002, van den Heuvel et al. 2002, Kostamo and Kukkonen 2003). Because of
their structure like cholesterol (Figure 2 b) (an important substrate to steroid hormone production),
phytosterols have been related to endocrine disruption on fishes. Phytosterols concentrations as low
as 0.26- 1.0 mg/L could cause this effect on fishes (Munkittrick et al. 1992a,b,c, Gagnon, et al. 1994,
Munkittrick et al. 1994, Gagnon et al. 1995, Lehtinen 1996, McMaster et al. 1996, Lehtinen et al.
1999, van den)HeuveI et al. 2002).
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Figure 2. a) Main phytosterols found on BKPM effluents. b) Cholesterol structure.
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Daphnids (like Daphnia spp. and Ceriodaphnia spp.) are used as indicator of acute and chronic
toxicity; because of their easy and inexpensive culture and testing (Peng and Roberts 2000).
Specifically, Daphnia magna has been used for detecting acute toxicity of BKPM effluents. Indeed,
untreated BKPM effluents display acute toxicity with D. magna (LCs, 48h, 8 %) (Diez et al. 2002).
However, acute toxicity can be eliminated after aerobic treatment (LCsy, 48h, > 100 %) (Priha 1996,
Diez et al. 2002). Unfortunately, chronic toxicity based on daphnid reproduction is still present even
after biological treatment of BKPM effluents (Martel et al. 2004).

Peng and Roberts (2000), verified that the toxicity of resin acids on D. magna was correlated inversely
with their solubility. But pure compounds are not adequate to determine toxicity, because there are
interactive toxic effects. However the individual toxicity data may be valuable in estimating toxicity of
whole effluent. Studies employing isolated phytosterols were not found, and it should be interesting to
assess their contribution for BKPM effluent acute toxicity. The aim of this work is to evaluate the acute
toxicity of BKPM effluent and phytosterols by using D. magna and D. obtusa.

MATERIALS AND METHODS

ECF BKMP effluent sample was obtained from a local industry. The effluent was primary treated in a
settler tank to reduce fiber and total solids. Sample was transported on ice in insolated cooler to the
laboratory and stored in the dark at 4 + 1 °C.

b-sitosterol (Carbiochem), stigmasterol (Sigma) and cholesterol (Carbiochem) were employed. The
effluent characteristics were verified by measuring COD and BODs, color, total phenols, phytosterols
concentration and acute toxicity on Daphnia magna and Daphnia obtusa.

Female D. magna and D. obtusa were obtained from in-house cultures. They were fed three times
weekly with a suspension of baker’s yeast, trout chow and alfalfa with an equivalent carbon content of
7.2 mg C/L on Monday and Wednesday, and 10.8 mg C/L on Friday (D. magna). While, D. obtusa
receives suspension of baker’s yeast, trout chow and alfalfa with an equivalent carbon content of 3.6
mg C/L on Monday and Wednesday, and 5.4 mg C/L on Friday. A culture medium was changed
before feeding and neonates were removed from a culture within 24 h (U.S.EPA 1993). The culture
medium was maintained at 20 °C with a 16 h light: 8 h dark photoperiod. The maximum culture water-
hardness was 250 mg CaCOs/L and the pH ranged between 7.5 and 8.6 (NCh2083 1999).

Acute toxicity assessment were done by exposing female D. magna and D. obtusa neonates (< 24 h
old), during 24 - 48 h to: (i) BKPM effluent, (ii) BKPM effluent plus b-sitosterol and stigmasterol, (iii)
water plus b-sitosterol and stigmasterol. BKPM effluent was filtrated through 0.45 mm membrane, and
its pH was adjusted to 7.0 + 0.5 before bioassays. Phytosterols were used separately and on mixture.
They were sonicated during 10 hours in quantities to produce added concentrations of 0.3 and 1.0
mg/L. Mortality was recorded at the end of exposure, where mortality was defined as a lack of
organism mobility when the vessel was shaken. Five concentrations of BKPM effluents (6.25, 12.5, 25,
50, 100 %) and one control were evaluated. Four replicates of 30 mL (each one containing five
organisms) were performed for each concentration and the control. The culture was not renewed
during the test. Oxygen dissolved concentration (OD), pH and conductivity were measured at the
beginning and end of each test. The 24 and 48 h mean lethal concentration were calculated using the
Probit and the Spearman-Karber methods, as appropriate (Cooman et al. 2003).

COD and BODs were measured according to Standard Methods (APHA 1985). Total phenolic
compounds concentration was measured by UV absorbance at 215 nm in a 1 cm quartz cell (UV,;5).
Total phenolic concentration was expressed as mg/L of phenol. Color was measured by VIS
absorbance at 440 nm in a 1 cm glass cell (VIS440). The pH of both measurements was 9.1 (0.2 M
KH,PO, buffer). The measurements of COD, BODs, VIS440, UV2i5 were done after membrane (0.45
mm) filtration. The OD was measured using a WTW Oxycal 323B oxygen electrode. Phytosterols
concentration was determined by CG-MS in a HP 5890 chromatograph with mass selective detector
HP5972 (limits of detection of 1 ng/L). After dichloromethane extraction and by using cholesterol as
internal standard (Cook et al. 1997, Khan and Hall 2003).
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RESULTS AND DISCUSSION

Table 1 shows the physico-chemical characteristics of BKPM effluents. The COD/BODs ratio (2.9)
indicates that high concentrations of recalcitrant compounds are present in kraft mill effluents.
Compounds with high molecular weight (over 1000 Da), such as lignin, do not produce BODs;
nevertheless COD and a dark color are found. b-sitosterol and stigmasterol were determined (Table
1). Total phytosterol concentration (0.40 £ 0.03 mg/L) agree with the values determined for SW kraft
mill effluents (0.39 £ 0.67 mg/L) (Strémberg et al. 1996, Cook et al. 1997, Mattsson et al. 2001).
Although phytosterols concentration in this effluent was not very high as those concentrations found in
SW-HW kraft mill effluent (Figure 1). It was in the range to produce endocrine disruption on fishes
(0.26 - 1.1 mg/L) (Munkittrick et al. 1992a,b,c, Gagnon et al. 1994, Munkittrick et al. 1994, Gagnon et
al. 1995, McMaster et al. 1996, Lehtinen et al. 1999, van den Heuvel et al. 2002). Because of this,
dispersions of b-sitosterols and stigmasterol (0.3 and 1.0 mg/L) separately and mixed were prepared
on water to assess their toxicity. b-sitosterols and stigmasterol toxicity were also assess by dispersion
on BKPM effluent (added concentration 0.3 and 1.0 mg/L). The final concentration of these
compounds on BKPM effluent were about: (i) 0.64- 1.34 mg/L (b-sitosterol), (i) 0.37- 1.07 mg/L
(stigmasterol) and (iii) 1.0- 2.4 mg/L (b-sitosterols and stigmasterol).

Table 1. Characteristics of ECF BKPM effluent.

Parameter Value

pH 3.4+0.17
COD (mg/L) 881.5+24.3
BODs5 (mg/L) 300.5+95
Total phenolic compounds (UV,;5) (mg/L) 271.9+14.2
b-sitosterol (mg/L) 0.333 £0.028
Stigmasterol (mg/L) 0.069 £ 0.014
Phytosterols (mg/L) 0.402 £ 0.03
Color (VIS440) (1x1 cm) 0.41 +£0.01

BKPM effluent does not has acute toxicity on D. magna during the first 24 h (LCso 24h, > 100%).
However, after 48 h of exposure it displayed acute toxicity (LCso 48 h = 42.08 + 6.5 %). This value
means the concentration that causes the mortality to 50 % of daphnids exposed to the effluent. In
Chile there are not toxicity regulations for effluent discharges. However, the Canadian Pulp and Paper
Effluent regulations requires at least 50 % survival of D. magna exposure to an undiluted effluent, to
compliance toxicity quality (Kovacs et al., 2004). Thus, the assayed BKPM effluent was not toxic by D.
magna the first 24 h, whereas at 48 h exposure, it does not carry out which international ecotoxicity
regulations.

Figure 3 shows the acute effects of b-sitosterol and stigmasterol on D. magna. As is possible to see in
Figure 3, the toxicity of separated compounds (a-d) on water were higher than on BKPM effluent. The
acute toxicity on D. magna was not depending on the concentration of b-sitosterol or stigmasterol (a-f).
Besides, exposure time had an important effect on acute toxicity to separated compounds. Although,
no toxicity was observed for 24 h exposure on BKPM effluent, after 48 h exposure it was toxic.
Moreover BKPM effluent with extra stigmasterol (c-d) was more toxic than BKPM effluent with b-
sitosterol (a-b). The mixture of b-sitosterol and stigmasterol on water or effluent had high acute toxicity
(e-f), when it was compared to separate compounds toxicity. Nevertheless, the toxicity of mixed
compounds was high in effluent media (LCs, 48 h = 20.48 + 4.3 %) than in water (LCs,48 h = 45.29 +
13.0 %) (e-f).
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Figure 3. D. magna acute toxicity (LCso) on water and on BKPM effluent dispersion of : a) b-sitosterol
0.3 mg/L, b) b-sitosterol 1.0 mg/L, c) stigmasterol 0.3 mg/L, d) stigmasterol 1.0 mg/L and e) b-
sitosterol and stigmasterol 0.3 mg/L, f) b-sitosterol and stigmasterol 1.0 mg/L.

D. obtusa were less sensitive to BKPM effluent, because no acute toxicity was detected at 24 h or 48
h (LCso 24h, 48h > 100%). The same result was obtained for 0.3 and 1.0 mg/L of b-sitosterol at 24 or
48 h (Figure 4 a-b). However, stigmasterol (0.3- 1.0 mg/L) added into BKPM effluent produce acute
toxicity especially after 48 h (Figure 4 c-d). Furthermore, the toxicity on D. obtusa was higher on water
than on BKPM effluent (Figure 4 a-f).

The acute toxicity for both D. magna and D. obtusa was higher on stigmasterol dispersion than on b-
sitosterol media. The mixture of b-sitosterol and stigmasterol had high acute toxicity than separated
compounds. The presence of BODs on the effluent (Table 1), indicated the presence of biodegradable
substances, which daphnids could used as food. It could help to understand lowest toxicity on BKPM
effluent. But also is possible that D. magna and D. obtusa consume non-biodegradable substances.
Because they become colored during exposition time and they could grow on BKPM effluent even
after biological treatment. When the BODs removal was higher than 98 % (unpublished data).
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Figure 4. D. obtusa acute toxicity (LCso) on water and on BKPM effluent dispersion of: a) 0.3 mg/L of
b-sitosterol, b) 1.0 mg/L of b-sitosterol, c) 0.3 mg/L of stigmasterol, d) 1.0 mg/L of stigmasterol and e)
0.3 mg/L of b-sitosterol and stigmasterol, f) 1.0 mg/L of b-sitosterol and stigmasterol.

Mortality slopes to D. magna and D. obtusa are shown on Figure 5, where is possible to observe that
D. obtusa was not affected by any concentration of BKPM effluent exposure (Figure 5 d). Indeed, D.
obtusa shows no significant mortality until 48 h exposure to (6.25- 25 %) of BKPM effluent or BKPM
effluent plus b-sitosterol and stigmasterol 0.3- 1.0 mg/L (Figure 5 d-f). Despite, D. magna was more
sensitive even in low concentration (12.5- 25 %) of b-sitosterol and stigmasterol added to pulp mill
effluent (Figure 5 b-c). As it was saw before (Figure 3 and 4) phytosterols concentrations do not affect
the toxicity. Because they are insoluble in water media and they are only slightly soluble on BKPM
effluent. Phytosterols are expected to have a log Kow > 5 (Hewitt et al., 2000), which indicate they are
very hydrophobic. Due to this, when the BKPM effluent dispersion of b-sitosterol and stigmasterol 1.0
mg/L, was diluted (25%) reaching about 0.3 mg/L of b-sitosterol and stigmasterol concentration (third
points on Figure 5 ¢ and f). The number of dead daphnids was lower than the expected for a 100 %
dispersion of b-sitosterol and stigmasterol on BKPM effluent (0.3 mg/L) (last point on Figure 5 b and
e). This data suggest that phytosterols concentration does not influence the whole toxicity of the
BKPM effluents. But, phytosterols addeed on BKPM effluent enhances its toxicity, making it not able to
accomplish with international ecotoxicity regulations (Figure 5 b-c).
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Figure 5. Mortality slopes 24 h (") - 48 h (—) to D. magna (a-c) and D. obtusa (d-f) exposed to: (O
mg/L) - BKPM effluent, (0.3 mg/L) - BKPM effluent + b-sitosterol and stigmasterol 0.3 mg/L, (1.0 mg/L)
- BKPM effluent + b-sitosterol and stigmasterol 1.0 mg/L.

CONCLUSION

Stigmasterol on BKPM effluent has high toxicity than b-sitosterol. Together they were more toxic than
separately.
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