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This study aimed to assess the extent of pollution of aquatic ecosystems by endocrine disrupting
estrogens particularly the ethinylestradiol (EE2), estrone (E2) and estradiol (E1). The study was carried
out in Morogoro urban and peri-urban areas. The main sources of fresh water for domestic uses, fishing
and agricultural activities in the study areas including the Mindu dam catchment area, Ngerengere and
Morogoro Rivers were assessed. The endocrine disrupting estrogens in water samples were identified
and quantified using competitive Enzyme Linked Immunosorbent Assay (ELISA) kits. The recovery of
estrogens in this study ranged from 65 to 90.22%, the range which is within the acceptable level. The
levels of estrogens in Ngerengere River ranged from non-detectable levels to 0.68, 0.03 to 8.42 and 0.05
to 16.97 ng/L for EE2, E2 and E1, respectively. At Mindu Dam the levels ranged from 0.07 to 0.3 ng/L,
0.41 to 2.1 ng/L and 2.6 to 6.5 ng/L for EE2, E2 and E1 respectively. Furthermore, for Morogoro River the
levels ranged from undetected to 0.92, 0.34 to 9.53 and 0.17 to 11.49 ng/L for EE2, E2 and E1
respectively. Mean concentrations in control samples and those in upstream and midstream of the
rivers were comparable (p > 0.05). But the mean concentrations in downstream portions were
significantly higher than those in control samples (p < 0.05). These concentrations however, were below
those reported in other studies to cause harmful health effects. Hence, the extent of pollution was not
significant enough to cause adverse health effects to aquatic organisms and human.
Key words: Ethinylestradiol, estradiol, estrone, micro pollutants, Ngerengere River, Morogoro River.

INTRODUCTION
The aquatic ecosystems are the ultimate sink of most
environmental pollutants originating from natural and
anthropogenic sources such as industries, livestock
farms, agricultural fields, hospital wastes, domestic

wastes and municipal effluents. Several studies in
Europe, Asia and USA have reported that sewage
effluents are major contributors of manmade chemical
pollution in rivers (Gomes et al., 2003; Mitani et al., 2005;
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Huerta et al., 2016). On the other hand, runoff associated
with waste from animal farming has been reported as
another potential source of estrogens in the rivers
(Williams et al., 2007; Kolok et al., 2007; Yuan et al.,
2014; Huang et al., 2016).
Endocrine disrupting estrogens are among the
emerging pollutants which end up in aquatic environment
(Snyder et al., 2009). They are termed emerging because
there are no established guidelines for environmental
monitoring however, have adverse health effects to
wildlife and human (Nosek et al., 2014). Estrogens are
potent endocrine disruptors at concentrations frequently
observed in surface water (Wedekind, 2014). They tend
to bioaccumulation in aquatic organisms, such as algae
which acts as scavenger or sinks for estrogens (Maes,
2011). In addition, food-web model predicted the
bioaccumulation of estrogens in all organisms at low level
(Lai et al., 2002).
Reproductive impairment have been reported in various
species of fish in many countries due to exposure to
estrogens (Jobling et al., 2003; Hinck et al., 2009;
Ingram et al., 2011; Caldwell et al., 2012; Guellard and
Soko, 2015; Huang et al., 2016). Both natural hormones
(E1 and E2) and synthetic hormones (EE2) have
endocrine disrupting effects such as reduced fertility and
feminization of male fish (Tyler and Jobling, 2008;
Bhandari et al., 2014; Iwanowicz et al., 2016). Exposure
of male fish to estrogens can result in a range of effects
from the complete sex reversal in most severe cases to
different degrees of feminization including intersex and
decreased expressions of secondary sex characteristics
(Tabata et al., 2001; Gross-Sorokin et al., 2004; Lange et
al., 2008; Länge et al., 2012).
Laboratory studies have shown that the estrogens have
additive effects (Thorpe et al., 2003). Thus, even if the
concentration of one of them is below the lowest
observable effects, the combined effect can be
significant. The EE2 is more potent in induction of
reproductive abnormalities than the natural estrogens
(Aris et al., 2014). It can induce vitellogenin formation in
some male fish species at concentrations of as low as 1
ng/L and induce intersex of fish at 4 ng/L, whereas E2
can induce vitellogenin formation at 5 ng/L and induce
intersex at 10 ng/L (Metcalfe et al., 2001; Thorpe et al.,
2001).
The aquatic ecosystems in Morogoro Urban and Periurban areas include Mindu dam and its catchment,
Ngerengere River, Morogoro River and other seasonal
and permanent streams. Morogoro municipal effluents
from wastewater stabilization ponds are discharged into
Morogoro River, hence could be a potential source of
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estrogen pollution. In addition, within Morogoro urban
there are several industries such as sisal, textile and
leather. It has been observed that untreated or poorly
treated effluents are being discharged into the
Ngerengere and Morogoro rivers. Generally, the
industrial development strategy in Tanzania was pursued
without environmental regulation for a longtime and
consequently many industries do not have waste
treatment facilities (United Republic of Tanzania (URT),
2006). Furthermore, the land along the rivers and Mindu
dam is used for agriculture, livestock breeding,
residential, public and commercial purposes. Therefore,
the ecosystems are prone to pollution from natural and
anthropogenic sources.
Previous research in Morogoro aquatic ecosystems
focused on pollution due to solid waste, nutrients,
pesticides and heavy metals (Franks et al., 2005;
Mdegela et al., 2009; Mero, 2011). On the other hand,
another study dealt with interactive effects of mixed
pollutants on biomarker responses in sewage wastewater
and fresh water aquatic ecosystems in Morogoro
(Mdegela et al., 2010). Generally, in Tanzania the
research coverage on emerging pollutants such as
endocrine disrupting estrogens are very limited (Miraji et
al., 2016).
Despite the presence of endocrine disrupting estrogens
in the environment, no guidelines have been established
by Tanzania Bureau of Standards. The current guidelines
TZS 860: 2005 with limits for municipal and industrial
wastewaters includes chemical pollutants other than
estrogens (TBS, 2005; EWURA, 2014). Furthermore,
even World Health Organization (WHO), United Nations
Environment Programme (UNEP), European countries
United States Environmental Protection Agency (USA
EPA) and Australian EPA are still collecting more
research evidences so as to establish the guidelines for
estrogens in the environment (WHO and UNEP, 2012).
Therefore, it was necessary to carry out this study so as
to establish a basis from which future researches on
estrogens in Tanzania can rely on. In addition, the likely
source and extent of pollution in aquatic ecosystem by
endocrine disrupting estrogens needed to be assessed
and mitigation measures be planned and implemented.

Description of the study area
Morogoro river originate from Uluguru mountains, it
passes through Morogoro Urban eventually joins
Ngerengere river between Kihonda and Tungi areas
which are within Morogoro urban (Figure 1). There are
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Figure 1. Map of Sampling Points in Aquatic Ecosystems in Morogoro Urban and Peri-urban areas.

seven tributaries which join Morogoro River. Those
tributaries are Sole, Mwere, Kitundu, Mdirila, Mlali,
Kikundi and Kilakala. Ngerengere River also originates
from Uluguru Mountains, along with four other tributaries,
namely Mzinga, Lukulunge, Mugera and Mlali. Water
from these tributaries is collected in the Mindu dam
whose purpose is to supply drinking water to Morogoro
urban area but also used for fishing activities. From the
Mindu dam, the river passes through Morogoro urban
towards the east (Figure 1). It finally joins the lower Ruvu
River which discharges its water into Indian Ocean after
passing through Coast region. The Ruvu River is the
main source of domestic water supply to Dar es salaam
city.
MATERIALS AND METHODS
Chemicals and materials
Two standards ethinylestradiol (EE2) and β-estradiol (E2) hormones
were supplied by Santa Cruz Biotechnology, Texas, USA. Other
chemicals used were n-heptane (99%), methanol (99%), acetone
(99.8%) and hydrochloric acid (37%, 1.18 M) supplied by Carlo

Erba Reagenti and Sigma Aldrich, Germany. Glass fiber filter
papers of MN 615, size Ǿ 150 mm and 2576 size; Ǿ 240 mm from
Macherey-Nagel GmbH and Co.KG, Duren-Germany and Munktell
and Filtrak GmbH, Barenstein Germany respectively, and solid
phase extraction C-18 cartridges (130 mg, 3mL) by Varian and
Chromabond.

Sampling of water samples
Purposive sampling strategy was adopted based on connections to
perceived hotspots of estrogenic pollution. As described in Table 1,
samples were drawn from each tributary which join Morogoro and
Ngerengere rivers as well as from industrial wastewater and
Municipal effluents getting into the rivers. Samples were also
drawn from points of which the researchers hypothesized that
pollution could be enhanced due to agricultural runoff as well as
domestic wastes. Apart from those points also samples were drawn
from point sources of the rivers where neither agricultural activities
nor human settlement occurred. For Mindu dam, samples were
drawn about 100 m from rivers entry points, three points were
sampled and the fourth point was selected at mid of the dam.
Composite sampling being a technique that combines a number
of discrete samples collected from a body of material into a single
homogenized sample for the purpose of analysis (Australian, 2005)
was adopted in this study. Composite sampling reduces costs of
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Table 1. Description of the sampling sites in Morogoro Urban and Peri-urban Aquatic Ecosytems.

Aquatic
ecosystem
Ngerengere
River

Sampling sites clusters

sampling sites cluster description

Control site

Ahead of Mnyanza Village in Uluguru Mountains, around and beyond the site no human
settlement and activities, just a forest, hence represent the river source with no
significant pollution

Before Mindu Dam (BM)

Included five sampling sites from separate tributaries namely, Mzinga, Lukulunge,
Mugera, Mlali and Ngerengere tributary. All tributaries enter into Mindu Dam, in the
areas around the sampling site there were moderate human settlement, agricultural
activities and to a lesser extent livestock keeping

Mindu Dam (M)

Collect water from five tributaries and other seasonal streams, fishing activities are
carried out. The dam is reliable source of fresh water for Morogoro Urban. In Dam water
samples were drawn from four sampling sites

After Mindu Dam (AM)
After Mazimbu Sewer
(ASW)

Morogoro
River

Included two sampling sites, at Kasanga bridge and Mazimbu bridge,
Included two sampling sites, near Mazimbu Campus sewer pump were in some
incidence raw sewage used to leak into the river and at Kihonda bridge before the river
received effluent from industries

After Industrial Effluent
(AIND)

Included three sampling sites, a point about two hundred meters after the entry of
industrial effluent, a point few meters after Morogoro River joining the Ngerengere River
and industrial effluent before joining the river

Control

Ahead of Morning Site centre, in Mugu Forest Reserve, around and beyond the site no
human settlement and activities, just a forest, hence represent the river source with no
significant pollution

Upstream (UP)

Comprised six sampling sites from five tributaries namely, Sole, Mwere Kitundu, Mdirila
and Mlali tributaries, as well as a point near Rock Garden hotel; around the tributaries
there were very little agricultural activities and fewer human settlements.

Midstream (Mid)

Comprised four sampling sites, namely, Kikundi and Kilakala tributaries, a point before
Kikundi tributary entry, and at Fungafunga centre. Around the sites there were intensive
human settlement, health centres, dispensaries, hotels, markets. Hence suspected to
be more polluted than the upstream

Downstream
(DW)

Included three sampling sites, at Msamvu bridge, after entry of Mafisa WSPs effluent
and After joining Ngerengere River. The sites suspected to be more polluted due the
domestic waste, livestock waste, industrial waste as well as the municipal effluents

environmental and public health assessments, while maintaining
and often increasing the precision of sample based inference (Patil,
2002). At each sampling point three samples each 500 ml were
drawn and thoroughly mixed in glass bottle to make a 1.5 L of
composite sample. In addition, composite tape water sample was
drawn immediately after Morogoro Urban Water and Sewarage
Authority fresh water treatment unit. The pH of water samples was
adjusted to about 3 by adding hydrochloric acid so as to fix the
estrogens. The added acid suppressed microbial activity which
could degrade the estrogens to some extent before analysis
(Havens et al., 2010). Thereafter, the samples were carried in cool
box packed with ice packs to the Ecotoxicology and Natural
Products research Laboratory in the Faculty of Veterinary Medicine
at Sokoine University of Agriculture, for pretreatment and solid
phase extraction of estrogens that was done within 12 h after
sample collection.

to ensure removal of debris. Solid phase extraction was performed
with C18 cartridges (Bond Elut 500 mg, 3cc reservoir, Varian
Agilent Technologies, USA) and vacuum manifold. The C-18
cartridges were conditioned with 2×3 mL heptane, 3 mL acetone,
and lastly with 3 ml of distilled water. After extraction the cartridges
were dried in air using vacuum manifold for about half an hour, and
then eluted using a mixture of 10 ml of heptanes and acetone
(65:35). The eluate was then air dried at 30°C, and then
reconstituted in 5 ml methanol. The samples were stored at -20°C
before being analysed by enzyme linked immunosorbent (ELISA)
competitive technique. The ELISA technique was used because it
is cost effective method and has detection limit which is lower than
the existing methods for screening estrogenicity (Mauricio et al.,
2006; Pool, 2008).

Detection and quantification of estrogens by ELISA competitive
technique
Extraction of estrogens from water samples
Extraction of estrogens from water samples was carried out
according to the protocol described by Hansen et al. (2011) with
some modifications customized to our laboratory settings. Each
water sample (1.5 L) was first filtered twice using GFC filters papers

The detection and quantification of EE2, E2 and E1 was carried out
using ELISA kit from Cloud-Clone Corp. 1304 Langham Creek Dr.
Suite 226, Houston, TX 77084, USA. Manufacturer instructions
were followed; immediately measurement on microplate reader was
conducted at 450 nm.
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Figure 2. Mean concentrations of estrogens (EE2, E2 and E1) in sampling Sites clusters
of Morogoro River. UP = upstream MD = midstream DW = down stream

Quantitative data analysis
The concentrations of the standards (2, 0.67, 0.22, 0.074 and 0.025
ng/ml) were transformed into natural logarithm to obtain linear
calibration curve, in turn natural logarithm of concentration for each
hormone was drawn against the respective absorbance. The linear
equation obtained in the curve was used to interpolate the
concentration of estrogens in samples.

plotted against absorbance to obtain linear curves (Suppl
Figure 1). The R2 for EE2, E2 and E1 was 0.9707,
0.9851 and 0.982 respectively. Hence, the linear
equations were used to quantify the estrogens based on
their respective absorbance.

Recovery results
Recovery studies
Four different concentrations (2, 1.33, 0.13 and 0.013 ng/ml) of
mixture of standard EE2 and E2 each was made by dissolving in
1500 ml distilled water. The same pretreatment and analysis steps
were followed as was done for water samples.
Statistical analysis
IBM SPSS version 20 was used for statistical analysis of the
results; both descriptive and inferential statistics were carried out.
For descriptive statistics means, standard deviation, median and
range were calculated. Inferential statistics one way ANOVA with
post hoc Tukey’s-b was employed for multiple comparisons of
estrogens levels between sampling site clusters. Level of
significance between groups was reported at p < 0.05.

RESULTS AND DISCUSSION
Estrogens standard curves
Natural logarithms of standard concentrations were

The recovery of EE2 and E2 were assessed for solid
phase extraction and ELISA technique analysis. The
results are as shown in Suppl Table 1

Identified and quantified endocrine disrupting
estrogens in water sample from Morogoro River
Figure 2 shows the mean concentrations of identified and
quantified natural and synthetic endocrine disrupting
estrogens from Morogoro River. The results indicate that
there were no significant difference in levels in upstream
and midstream for all three estrogens (p ≥ 0.05).
However, the downstream levels were significantly higher
(p < 0.05) than those at midstream and upstream
sampling points. The midstream and upstream levels
were comparable (p ≥ 0.05) to those found in control
samples. Hence, the extent of pollution at upstream and
midstream was low. At control site only natural estrogens
(E2 and E1) were identified and quantified but at very low

Msigala et al.

127

Figure 3. Mean concentrations of estrogens (EE2, E2 and E1) in sampling sites clusters of
Ngerengere River water samples.
BM = Before Mindu dam, M = Mindu dam, AM = After Mindu dam, ASW = After Mazimbu Sewer,
AIND = After Industrial Effluent.

concentrations where E1 was found to be 0.17 ng/L and
E2 was 0.34 ng/L. This implied that, those natural
estrogens could be from animals dwelling in the forest.
No traces of ethinylestradiol could be identified, therefore
the results concur with the actual field situation in which
no human settlement and activities were found. In
upstream the levels of E1, E2 and EE2 ranged from 2.08
to 4.7, 0.48 to 2.17 and 0.019 to 0.22 ng/L, respectively.
Whereas, in midstream ranged from 2.7 to 4.09, 1.13 to
4.91 and 0.21 to 0.3 ng/L for E1, E2 and EE2,
respectively. Although the levels in midstream sites were
relatively higher than those found at upstream, the
difference was insignificant (p <0.05). The midstream
sites were prone to more pollution owing to the intense
human settlement and activities. For instance, a site
named before Kikundi tributary ranged highest for all
three estrogens due to pollution from domestic effluent,
effluent from the bus terminal, as well as effluent leaking
from hospitals. Essentially, low standard of sanitation and
sewage in all of Tanzania's urban centres including
Morogoro urban attributed to pollution (URT, 2006). In
downstream sites, levels ranged from 7.37 to 11.49, 5.67
to 9.5 and 0.24 to 0.92 ng/L for E1, E2 and EE2
respectively. These sites received Morogoro Municipal
effluent from wastewater stabilization ponds at Mafisa,

also industrial effluent as well as waste from livestock
farming. For instance, at Kichangani cattle farms were
found near the river, hence could contribute to pollution of
the river by estrogens. This observation is supported by
finding reported by Williams et al. (2007), Kolok et al.
(2007), Yuan et al. (2014) AND Huang et al. (2016),
Animal farms are potential sources of natural and
synthetic estrogens. In addition, several studies reported
that WSPs are potential sources of estrogens pollution in
rivers (Mitani et al., 2005; Gomes et al., 2003; Sim et al.,
2011; Belhaj et al., 2014). The main source of EE2 in
rivers could be the use of contraceptive by residents in
domestic/commercial houses (Lei et al., 2009; Laurenson
et al., 2014). In all samples the levels of EE2 were the
lowest of all three estrogens, indicate that the extent of
pollution by domestic waste was low or proportion of
women who were using contraceptive pills in the study
area was low.

Identified and quantified endocrine disrupting
estrogens in water sample from Ngerengere River
Figure 3 displays the mean concentrations of identified
and quantified natural and synthetic endocrine disrupting

128

Afr. J. Environ. Sci. Technol.

Table 2. Endocrine disrupting estrogens concentration range in Ngerengere River sampling sites clusters.

Clusters of sampling sites
BM
M
AM
ASW
AIND

Endocrine disrupting estrogens concentration range (ng/L)
E1
E2
EE2
6.52 - 10.15
1.06 - 1.99
0.17 - 0.84
2.58 - 6.52
0.41 - 2.1
0.07 - 0.3
5.68 - 7.89
0.03 - 4.04
0.51 -0.8
10.69 - 13.12
3.47 - 3.5
0.27 - 0.77
15.09 - 18.84
7.5 - 9.3
0.57 - 0.78

estrogens in Ngerengere River. There were no significant
difference between the control site samples and those
collected Before Mindu (BM) and within Mindu dam sites
for all of the three estrogens (p ≥0.05). In addition, mean
concentrations for estradiol in samples collected After
Mindu (AM) had no significant difference with the control
samples. The results implied low extent of pollution,
hence low health risks to aquatic organisms and human.
However, considering levels at specific sites some had
levels which could be enough to induce reproductive
abnormalities in aquatic organisms. For instance samples
from Mlali tributary contained 0.84 and 11.26 ng/L for
EE2 and E1, respectively. The tributary received
domestic effluent leaking from Changarawe Village. The
Figure 3 shows that “After Industrial Effluent” (AIND)
sampling cluster had significant higher mean
concentration of the estrogens compared to other
clusters. This observation is attributed by effluent from
industries, Morogoro River which join Ngerengere River
after receiving effluent from Morogoro Municipal WSPs
as well as accumulation of domestic effluent and
livestock waste. For estrone “After Mazimbu Sewer”
(ASW) sampling cluster had significant higher level than
other clusters except AIND which had statistically similar
level to ASW. Table 2 displays the estrogens
concentration range in Ngerengere River sampling sites
clusters. The highest concentration of EE2, E2 and E1
were 0.84, 9.3 and 18.84 ng/L, respectively. The results
imply low extent of pollution.
The results in this study show a similar trend to those
reported by Kinoshita et al. (2010). It was observed that
significant contamination of Thailand and Malaysia rivers
with estrogens occurred in urban areas, contrary to
remote areas where no detectable level was observed.
Apart from that, the levels of estrogens in this study were
lower than those reported by Lei et al. (2009), in which
Dagu River, in China E1 ranged from 5 to 55.3 ng/L, E2
ranged 0.93 to 33.4 ng/L and EE2 ranged from not
detected to 35.6. For Yongding New River in China
ranged from 0.64 to 20.2 ng/L for E1, from non-detected
to 13.6 ng/L for E2 and from non-detected to 12 ng/L for
EE2. The third river named Beitang River in China E1
ranged from 4.29 to 49.8 ng/L, for E2 from 2.51 to 21.2

ng/L and EE2 was from 1.64 to 24.4 ng/L. In addition,
Rao et al. (2013) reported that estrogens from three river
water samples in Tianjin, China ranged from 0.64 to 50,
1.87 to 11.5 and 1.55 to 24.4 ng/L for E1, E2 and EE2
respectively. Furthermore, Rocha et al. (2016) reported
an unexpectedly high level of estrogens in Mira River in
Portuguese, obtained an annual average estrogen 57
ng/L.

Health implications
Estrogens even at low concentrations in the environment
can have harmful effects on aquatic organisms and in
humans, who might be consuming water or food
contaminated with estrogens (Gustavo et al., 2014;
Gross-Sorokin
et
al.,
2004).
Feminization
or
demasculinisations of molluscs, arthropods and fish have
been reported in polluted lakes or rivers (Guillette et al.,
2007; Krein et al., 2012). Effects shown in wildlife or
experimental animals may also occur in humans if they
are exposed to EDCs at a vulnerable time and at
concentrations leading to alterations of endocrine
regulation (UNEP and WHO, 2012; Bhandari et al.,
2014). Concentrations which led to vitellogenin induction
have been reported in previous studies as low as 5 ng/L
for estradiol (Tabata et al., 2001), 3.2 ng/L for estrone
and around 1 ng/L for ethinylestradiol (Fenske et al.,
2001; Thorpe et al., 2001). The intersex condition has
been recorded in various fish species following
exposures to concentrations as low as 10 ng/L each for
estradiol and estrone (Metcalfe et al., 2001; Tabata et al.,
2001) and 4 ng/L for ethinylestradiol (Länge et al., 2001).
Furthermore, Caldwell et al. (2012) reported that fish
exposure to 17 beta-estradiol at concentration that
exceeds 10 ng/L cause intersex in some species of male
fish.
Based on previous other published studies on
concentration of estrogens which lead to observable
health defects to aquatic organisms, the concentration of
estrogens obtained in this study have low health risks to
aquatic organisms and humans. However, long-term
exposure of aquatic organisms to such low concentrations
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can lead to significant health risks due to bioaccumulation
(Lai et al., 2002). Therefore, measures should be taken to
minimize pollution of the water bodies by endocrine
disrupting estrogens.

Conclusion
The most potent estrogens namely ethinylestradiol,
estrone and estradiol were identified and quantifies in
aquatic ecosystems in Morogoro Urban and Peri-urbans
areas. The results implied lower extent of pollution in the
aquatic ecosystems by endocrine disrupting estrogens.
However, a few sampling sites had significant higher
concentration of estrogens, but dilution offset the impact.
The sources of pollution mainly were industrial effluents,
effluent from livestock farms, residential wastes, and
effluents
from
wastewater
stabilization
ponds.
Ethinylestradiol (EE2) which is the most potent estrogen,
its concentrations was the lowest of all three estrogens in
all samples. In addition, the EE2 concentrations were
below (< 1 ng/L) to those reported in other studies that
could bring observable health defects to aquatic
organisms. Furthermore, the concentrations of estradiol
and estrone in most samples could not cause observable
health defects except in some sampling sites, could
induce vitellogenin formation in male fish. No detectable
estrogens were found in tape water. Therefore, the extent
of pollution has low health risks to aquatic organisms and
humans.
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Suppl Table 1. Percent Recovery for E2 and EE2.

Concentration of EE2 and E2
spiked in distilled water ng/ml
2
1.3
0.133
0.05

Recovered concentration
EE2 ng/ml
1.34
0.98
0.112
0.043

%Recovery
EE2
67
75.4
84.21
86

Suppl Figure 1. Calibration Curves for EE2, E2 and E1.

Recovered concentration
E2 ng/ml
1.30
0.89
0.12
0.045

% Recovery
E2
65
68.5
90.22
90

