& frontiers | Frontiers in

@ Check for updates

OPEN ACCESS

Ravindra Soni,
Indira Gandhi Krishi Vishva
Vidyalaya, India

Bahman Fazeli-Nasab,
University of Zabol, Iran

Jayani J. Wewalwela,

University of Colombo, Sri Lanka

Lixia Wang
Ixwang@iga.ac.cn

This article was submitted to
Population, Community, and
Ecosystem Dynamics,

a section of the journal

Frontiers in Ecology and Evolution

15 August 2022
28 September 2022
03 November 2022

Cui H, Wang L and Zhang J (2022)
Synergistic influence on microbial
communities ascribed to copper and
tetracycline during aerobic
composting: Insights into bacterial and
fungal structures.

Front. Ecol. Evol. 10:1019494.

doi: 10.3389/fevo.2022.1019494

© 2022 Cui, Wang and Zhang. This is
an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction
in other forums is permitted, provided
the original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which
does not comply with these terms.

Frontiersin Ecology and Evolution

Original Research
03 November 2022
10.3389/fevo.2022.1019494

Synergistic influence on
microbial communities ascribed
to copper and tetracycline
during aerobic composting:
Insights into bacterial and fungal
structures

Hu Cui'?, Lixia Wang®?* and Jian Zhang?

'Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and
Agroecology, Chinese Academy of Sciences, Changchun, China, 2Jilin Provincial Engineering
Center of CWs Design in Cold Region and Beautiful Country Construction, Northeast Institute of
Geography and Agroecology, Chinese Academy of Sciences, Changchun, China, *The School of
Sciences, Qigihar University, Qigihar, China

There are a considerable number of discussions aimed at analyzing microbial
communities and their functions during the composting process. However,
microbial succession under copper (Cu) and tetracycline (TCH)-stressed
conditions has received less attention. Thus, this work analyzed the bacterial
and fungal structures with high-throughput sequencing in Cu/TCH-amended
composting (Cu: 0, 100, and 500 mg/kg; TCH: 0, 50, and 300 mg/kg), and the
dominating controls on microbial diversity were identified using redundancy
analysis (RDA) and structural equation models (SEMs). Low-concentration
Cu increased the peak temperature (57°C) at the thermophilic phase.
Composting phase-derived changes in bacterial and fungal communities
were significant, while Cu and TCH showed a remarkable influence on
fungi but not on bacteria. Cu and TCH inhibited Firmicutes’ activity while
promoting Actinobacteriota growth. Low-concentration Cu and TCH had a
negative effect on Basidiomycota in the thermophilic phase and a positive
influence on Chytridiomycota in the mature phase. TOC and TN were primary
controls on the changes in microbial communities. NH:{—N and NOg-N
were more beneficial to fungi with a contribution proportion of 42.13 and
16.85%, respectively. These findings could provide theoretical guidance for the
directional research on microbial inoculants.

co-composting, copper, tetracycline hydrochloride, bacteria, fungi

Introduction

Aerobic composting, a microorganism-mediated fermentation technology (Sanchez
et al., 2017), was considered a well-developed method to realize the resource utilization
associated with agricultural-aquaculture wastes (Biyada et al., 2022), in which organic
matter (OM) is decomposed and causes a thermophilic temperature, resulting in
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well-stabilized and value-added end-products (Deng et al,
2020). Both heavy metals and antibiotics, as non-degradable and
sub-metabolic pollutants, respectively, have been introduced
into animal feeds to present epidemic diseases and promote
animal growth (Cheng et al, 2019; Khadra et al, 2019),
30%—90% of which are excreted in parent compounds
or primary metabolites, leading to an inhibition effect on
composting process and quality (Deng et al, 2020). For
example, Hao et al. (2019) indicated that dissolved organic
carbon (DOC) was positively correlated with Cu bound
to carbonates and metallic hydroxides. Rensing and Grass
(2003) demonstrated that copper (Cu) competed with other
ions for adsorption sites, destroying protease activity binding
to the corresponding metal cofactors, and thus inhibiting
enzymatic reactions. Besides, Cheng et al. (2019) reported
that antibiotics (tetracycline, quinolones, and sulfonamides)
can restrain OM oxidative decomposition within manure-
straw composting. Yang et al. (2013) and Chen et al. (2015)
found that the temperature was lower in the antibiotic-
amended composting than in the control, and this prolonged
the time to research standard sterilization. Furthermore,
additives, such as biochar, zeolite, medical stone, and phosphate
rock, have been used as bulking agents to passivate heavy
metals and degrade antibiotics (Cui et al., 2016; Peng et al,
2018; Akdeniz, 2019) in order to make composting more
effective. Composting essence is a microorganism-controlled
OM stabilization process in which OM decomposition leads
to significant changes in the temperature of composting
piles, as well as in the acid-base property (pH), electrical
conductivity (EC), and other physico-chemical indicators of
composting materials, which in turn determine the influence
on the transformation among phosphorus fractions under
heavy metal and antibiotic-stressed conditions. Therefore, the
above-mentioned parameters in the composting system were
considered microorganism-controlled processes, and further
efforts into microbial succession potentially enhance the
understanding of the composting essence.

Diverse research efforts, aimed at ascertaining microbial
communities and functions within the composting systems, have
been reported. Firmicutes, a heat-resistant bacterial phylum,
often exhibits a relative abundance at different composting
stages (Liu et al., 2020; Biyada et al., 2021). Bacteroides shows
the capacity to produce an enterotoxin, which could cause
watery diarrhea disease in animal and children (Deng et al,
2020; Kheyrodin et al., 2022). Ascomycota and Basidiomycota,
as two rich fungal phyla, could tolerate an ill-being environment
(i.e., thermal temperature and extreme acid-base property) (Liu
et al., 2021; Alavi et al,, 2022). Both Neocallimastigomycota and
Chytridiomycota were anaerobic fungi, which were only found
in the early composting phase (Wang et al., 2018). However,
enough information is not available concerning microbial
succession: emphasizing bacterial and fungal structures under
Cu/Tetracycline (TCH)-stressed conditions. As this report
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proposed, heavy metals are indispensable micro-elements in
microbial metabolism, which can participate in redox reactions
through valence conversion, and act as acceptors and donors
in the electron transport chain (Yethon et al., 2000). When
heavy metals exceed a certain threshold, reactive oxygen
species (ROS) will be produced and generate macro-molecules
excessive oxidation (Rensing and Grass, 2003). Antibiotics with
supernal doses are summarized as following toxic mechanisms:
(1) Antibiotics could inhibit protein synthesis and cause
bacterial cell metabolism disorders; (2) Antibiotics target
bacterial deoxyribonucleotide and restrain their multiplication;
(3) Antibiotics inactivate penicillin-binding protein (PBP1b),
resulting in microbial expansion and rupture under low-
osmotic pressure (Chen et al., 2021b). Taken together, a key
research question is: How do heavy metals and antibiotics
affect composting process and quality through regulating
microbial structures?

To address these research questions, we hypothesized
that heavy metals and antibiotics will change the microbial
structures and functions in the aerobic composting systems.
Thus, this study was conducted (1) to ascertain the Cu/TCH-
stressed succession in bacterial and fungal structures with high-
throughput sequencing and (2) to identify the dominating
controls on microbial alpha-diversity with redundancy analysis
(RDA) and structure equation models (SEMs). These results
could provide guidance on the biotechnology to improve
composting quality under Cu/TCH-stressed conditions.

Materials and methods

Composting materials and procedure

Swine manure (SM), collected from an industrial-scale
breeding base (Changchun, Jilin, China), was chosen as
typical livestock manure. Maize straw (MS), obtained from
a comprehensive agricultural experiment station (Changchun,
Jilin, China), was air-dried and crushed into 1-2-cm pieces and
served as a bulking agent to optimize composting conditions.
Further information on SM and MS is shown in Table 1.
Copper (II) sulfate pentahydrate (CuSO4-5H,0O, AR), the most
abundant and bio-toxic heavy metal in livestock manure, was
purchased from ST. Raman Experimental Mall. Tetracycline
hydrochloride (TCH, >98%) was achieved from the Layn.
Natural Ingredients (Guilin, Guangxi, China).

SM and MS were mixed well together (v:v, SM:MS = 1:3;
Moisture content, MC ~ 60%). Given the differences in the Cu
and TCH content in livestock manure. Four treatments were
amended with 100 mg/kg Cu and 50 mg/kg TCH, 100 mg/kg
Cu and 300 mg/kg TCH, 500 mg/kg Cu and 50 mg/kg TCH, and
500 mg/kg Cu and 300 mg/kg TCH, respectively. The control
treatment was designed to be 0 mg/kg Cu and TCH. 100-L
PVC reactors were used for aerobic fermentation. In the first
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TABLE 1 The physical and chemical parameters of swine manure and maize straw (dry weight basis, n = 3).

Composting materials MC pH

% _
Swine manure 59.16 £ 4.72 6.83 £+ 0.64
Maize straw 13.05 4+ 0.83 6.23 £ 0.85

10 days, composting mixtures were overturned at a frequency
of 2 days and then 5 days apart. The composting temperature
was measured using a probe thermometer. Until the composting
temperature was close to the surrounding environment, the
composting mixtures were considered mature end-products. On
days 0, 2, 7, 14, 21, 35, and 52, two samples were collected
from the top, middle, and bottom layers; one was refrigerated at
an ultra-low temperature (—20°C) until microbial analysis was
carried out, and the other was air-dried and sieved (0.15 mm)
before physico-chemical analysis.

Microbial high-throughput sequencing

Total microbial DNA was extracted wusing the
FastDNA® SPIN Kit (MP, Biomedicals, Santa, Ana, CA).
Bacterial 16S and fungal ITS rRNA gene sequencing
were performed at NovoMagic with the Illumina HiSeq
platform. The bacterial 16S-(V3 + V4) region was amplified
with  the primers 341F (CCTAYGGGRBGCASCAG)
and 806R  (GGACTACNNGGGTATCTAAT).
ITS1-1F  was amplified with the ITS1-1F-F
(CTTGGTCATTTAGAGGAAGTAA) and ITS1-1F-R
(GCTGCGTTCTTCATCGATGC). Representative bar-coded
PCR products were normalized in equimolar amounts, purified,
and sequenced with the HiSeq 2500 (PE 250) following the
manufacturer’s protocols. Operational taxonomic units (OTUs)

Fungal

primers

were defined at a 97% similarity level.

Physical and chemical analysis

Moisture content was determined according to Chen et al.
(2021b). pH and EC were determined as described in Cao
et al. (2020). NHZ -N and NOj; -N were extracted following Liu
et al. (2019). Total organic carbon (TOC) and total nitrogen
(TN) were characterized with a Shimadzu TOC-TN analyzer
(Shimadzu, Corp, Kyoto, Japan).

Statistical analysis

Data calculation was conducted in Microsoft Excel Ver.
2010. Graphical figures were drawn in Origin Ver. 2017.
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EC TOC TN TP
ms/cm % g/kg g/kg
7.29 % 1.09 29.71 £ 2.36 22.18 £ 231 19.98 + 1.67
1.89 % 0.57 4512 £3.41 6.01 4 0.92 573 % 0.86

Microbial analysis was performed using the NovoMagic after-
sales platform. RDA used Canoco Ver. 5.0. SEM analysis was
carried out in AMOS Ver. 20.0. Statistical significance refers to
P < 0.05.

Results and discussion

Physical and chemical indicators

Temperature, an important factor controlling microbial
activity, can reflect the micro-environment in the composting
system (Wei et al, 2018). The composting process was
characterized by four stages (Figure1). (1) First is the
temperature-heating phase (<50°C, days 0-1), during which
mesophilic microorganisms utilized bio-degradable OM to
generate exothermic reactions (Sanchez et al., 2017), which is
similar to present results that show composting temperature
sharply increased in treatment without Cu and TCH, followed
by Cu-amended treatments with fewer doses and finally Cu-
amended treatments with supernal doses. However, an obvious
difference in the temperature among TCH-amended treatments
with various doses was not found. (2) Second is the thermophilic
phase (>50°C, days 2-11), which is considered an effective stage
for sterilization and disinfection (Jiang et al., 2019); it causes
thermophilic microorganisms to become more competitive.
The composting temperature reached above 50°C on day 2
in all treatments and was maintained for 10 days with a
maximum of 63.88 £+ 1.21, 67.23 % 1.02, 65.40 £ 1.68, 60.55
=+ 1.67, and 61.28 =+ 1.62°C on day 3, respectively. This result
indicates that composting satisfied standard sterilization, which
reported that the thermophilic temperature must be maintained
at 50-55°C for 5-7 days (Liu et al, 2017). Compared to
treatment without Cu and TCH, the composting temperature
was higher in Cu-amended treatments with fewer doses, but
the opposite effect was found in Cu-amended treatments with
supernal doses. However, composting temperature showed a
distinctive difference in TCH-amended treatments. Together,
low-concentration Cu could promote composting process and
increase the composting temperature at the thermophilic phase,
while high-concentration Cu inhibited this. These results occur
in accordance with Hu et al. (2011) and Shehata et al. (2021),
who reported that Cu-amended treatment made composting
less effective, and tetracycline showed insignificant influence
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FIGURE 1

Dynamic changes in the temperature during the composting process.

20
Composting time (d)

30

on the changes in temperature within the manure-straw co-
composting. (3) Third is the temperature-cooling phase (40—
50°C, days 12-24) in which the composting temperature is
reduced to below 50°C, during which organic carbon contains
only macro-molecular OM and humic substances (Ezzariai et al.,
2018). As a result, microorganisms lack the carbon sources
to sustain metabolic activities. (4) Fourth is the mature phase
(<40°C, days 25-42) in which the composting temperature
decreases to match the surrounding environment.

Next to temperature, the pH level also determines microbial
structures and functions, and a pH between 7 and 8 is optimal
in the composting system (Chen et al, 2021a). During the
temperature-heating and thermophilic phases, the pH level
quickly increased from 6.15 £ 0.51 to 6.66 £ 0.05 on day
0 to 8.66 + 0.08 to 894 + 0.03 on day 7, whereafter it
remained steady with a negligible fluctuation (7.76 + 0.03
to 8.78 £ 0.04) in all treatments (Figure 2A). An increase in
pH level could be ascribed to the ammonium accumulation
during the nitrogen-containing OM mineralization process (Li
et al., 2020), and the evaporation associated with organic acids
owing to elevated-temperature at the thermophilic phase (Wei
et al,, 2016). EC, a factor indicating the salinity degree in the
composting system, reflects the possible phytotoxic-inhibitory
effect on seed growth (Wang et al., 2016). On the contrary,
EC values sharply decreased and reached a minimum on

Frontiersin Ecology and Evolution

04

day 7 before fluctuating from 5.98 &+ 0.10 to 7.83 £ 0.43
ms/cm in all treatments (Figure 2B). A reasonable explanation
could be that complex OM was decomposed into water-soluble
components, then micromolecular organic acids were converted
as macromolecular humic substances (Wang et al., 2016). MC
content influences microbial metabolism, and ventilation, and
helps to maintain the thermophilic phase (Chen et al., 2021a),
which decreased first and then increased within 0-21 days, and
reached the minimum on day 14 (Figure 2C). MC content in
Cu-amended treatments with supernal doses was lower than that
in Cu-amended treatments with fewer doses, while a significant
difference was not found in TCH-amended treatments, as it
may contribute to the thermal temperature in treatments with
low-concentration Cu.

Both carbon and nitrogen, which served as energy
sources and essential nutrients, show an important impact
on microbial metabolism and composting quality (Yu et al,
2019). During the thermophilic phase, TOC rapidly declined
until a moderate tendency appeared on day 21, and this
was higher in Cu/TCH-amended treatments. From the short
review above, key findings emerge: Cu and TCH inhibited
OM decomposition during the composting process. During
the temperature-cooling phase, TOC content was higher in
low-concentration Cu/TCH-amended treatment than that in
other treatments (Figure 2G). This supports the conclusion of
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FIGURE 2
(A-1) Dynamic changes in the physical and chemical parameters during the composting process.

Chen et al. (2021a), who reported that Cu and TCH could
promote microbial metabolic activity, thus accelerating the
OM decomposition, and this phenomenon was more obvious
at high-concentration Cu/TCH-amended treatments than that
in low-concentration Cu/TCH-amended treatments in selected
Cu/TCH concentration range. TN content also dropped within
0-7 days (Figure 2H), which is in accordance with the findings
of Liu et al. (2019), who reported that nitrogen-containing OM
mineralization causes an increase in NHI-N, thus resulting
in NH3 volatilization at thermal temperature and high pH,
in agreement with that NHI—N sharply decreased to a stable
level on day 7 in this study (Figure 2D). Subsequently, TN
quickly increased during the temperature-cooling and mature
phases, which was because ammonifying and denitrifying
microorganisms transformed NHZ -N into microbial substances
(proteins, amino acids, etc.) and NOj -N, respectively. The
above-mentioned conclusion also verified the present finding
that NO;3 -N sharply increased duiring temperature-cooling
and mature phases (Figure 2E). Within 0-28 composting
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days, TOC/TN showed a unimodal trend and peaked on
day 7 (Figure 2I), while NHI—N/NO;—N keep going down
(Figure 2F). Afterward, TOC/TN and NHZ-N/NO;—N were
stable between 12.51 &+ 0.49 and 14.10 & 0.55, as well as 0.26
£ 0.03 and 0.35 £ 0.04, respectively. Together, the present
results confirmed that the composting end-products were
well-stabilized and eco-friendly for agricultural development.
TOC/IN < 15 and NHI-N/NO;N < 0.5 indicate mature
compost (Awasthi et al., 2018).

Microbial communities

Bacterial (Figure 3A) and fungal (Figure 3B) successions
and their composting time and selective pressure (Cu and
TCH) were identified. In the initial mixtures (Day 0),
bacterial communities showed significant differences among
all treatments, while fungal communities presented high-
degree uniformity. A reason for this could be the special
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Alpha-diversity indexes related to bacterial (A) and fungal (B) communities based on OUTs during the composting process.

character of bacteria between SM and MS, which were mixed
with various volume ratios. During the composting process,
bacteria were concentrated at a distance among all treatments
and were distributed discretely with composting time, while
fungi were always alienated from each other with diverse
treatments and composting time. These results indicate that
composting phase-derived changes in bacterial and fungal
communities were significant, while Cu and TCH showed
a remarkable influence on fungi but not on bacteria. Cao
et al. (2020) also reported that bacterial communities obviously
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changed with composting time, and bacteria can acquire
resistance to antibiotics via horizontal gene transformation
(Ezzariai et al., 2018).

Alpha indexes and microbial richness were estimated with
Chaol and ace indexes, while the Shannon and Simpson’s
indexes were used to calculate the microbial diversity (Chen
et al, 2021a). Within 0-7 composting days, Chaol and
ace indexes in bacterial (Figure 4A) and fungal (Figure 4B)
communities increased in TCH-amended treatments with fewer
doses but decreased in TCH-amended treatments with supernal
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doses; thereafter two indexes increased in all treatments. For
bacterial communities, the Shannon and Simpson indexes first
increased and then decreased and reached the minimum on day
7 during all treatments, while two indexes in fungal communities
remained steady until a decrease occurred on day 28. These
results indicate that (1) low-concentration TCH enhanced
bacterial and fungal richness at the thermophilic phase, while
high-concentration TCH reduced it; (2) the temperature-
cooling and mature phases were more conducive to microbial
growth; (3) thermal temperature presented a insignificant
inhibitory influence on fungal diversity but not bacteria.
These conclusions were consistent with previous findings that
iproved that low-concentration antibiotics promoted microbial
diversity, while high-concentration antibiotics resulted in the
opposite effect (Chen et al,, 2021a), and fungi have the capacity
to tolerate an ill-being environment (i.e., thermal temperature
and extreme pH) and re-product (Liu et al., 2021).

Microbial relative abundance at the phylum level showed
significant variation among all treatments (Figures 5, 6). The
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bacterial community Firmicutes, as an important contributor
to hydrolyze polysaccharides and degrade cellulose (Xu et al.,
2017), was a dominant phylum (42.24%—92.92%) during the
temperature-heating and thermophilic phases, confirming the
well-established inference that Firmicutes could grow at extreme
temperature and widely distributed at the thermophilic phase
(Wei et al, 2018). Firmicutes was lower in the Cu/TCH-
amended treatments as contrasted to the treatment without
Cu and TCH according to Liu et al. (2020), who reported
that Firmicutes was less abundant in antibiotics-amended
treatments. During the temperature-cooling and mature phases,
Bacteroidota and Proteobacteria replaced Firmicutes as the
primary bacterial phylum (Jiang et al.,, 2019). Actinobacteriota
also showed more competitiveness at the mature phase,
higher in the treatments amended with Cu and TCH, in
agreement with how Actinobacteriota can secrete various
antibiotics to inhibit pathogenic microorganisms in the
composting system (Tian et al, 2013). The fungal communities
Ascomycota and Neocallimastigomycota were the main phyla
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FIGURE 6
Constructed phylogenetic trees related to bacterial (A) and fungal (B) communities at the genus level.
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FIGURE 7
RDA ordination biplots between bacterial (A), fungal (B) communities and physico-chemical parameters.

in initial mixtures. Then, Ascomycota increased throughout
the composting process, while Neocallimastigomycota was not
detected from the thermophilic phase onwards. Identical results
were obtained in studies, where Ascomycota had always been
the dominating phylum among all examined phases and
Neocallimastigomycota survived in the temperature-heating
phase (Wang et al., 2018). Basidiomycota, which co-occurred in
anaerobic conditions and aerobic surroundings (Liu et al., 2021),
was higher in the temperature-heating phase during treatment
without Cu and TCH and showed richness in the thermophilic
phase iduring Cu/TCH-amended treatments. This result at least
hints that Cu and TCH promoted Basidiomycota growth in
the thermophilic phase. Chytridiomycota was characterized as
a decomposer and pathogen as well as a main component
in complex environments (Mao et al, 2020). Relatively,
Chytridiomycota was slightly abundant in Cu/TCH-amended
treatments with supernal doses but showed considerable
richness in Cu/TCH-amended treatment with fewer doses,
which results in a novel conclusion that low-concentration Cu
and TCH stimulated Chytridiomycota metabolism during the
composting process.

Primary factors controlling the bacterial
and fungal communities

Distance-based redundancy analysis (RDA) was performed
to ascertain the correlations between physical and chemical
parameters as well as the bacterial (Figure 7A) and fungal
(Figure 7B) phylum. The first two axes show 34.65-39.11
and 22.61-30.96% of the total variability, respectively. A
positive relationship between TOC and Firmicutes was found.
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Tang et al. (2019) also demonstrated that Firmicutes was the
primary OM decomposer. There was a significant negative
correlation between temperature and bacterial communities,
such as Crenarchaeota and Unidentified-Bacteria, and fungal
communities, including Rozellomycota and Mucoromycota.
On this basis, the inferred conclusion was that four of them
maybe were non-heat-resistant microbial phylum. NHZ-N
was positively related to Neicallimastigomycota. NOz -N
presented a positive relationship with the bacterial community
(Actinobacteria) and fungal communities (Mucoromycota
and Mortierellomycota). TN was positively correlated with
Mucoromycota and Mortierellomycota. From the results,
it is clear that temperature and NO; -N were dominating
factors controlling the microbial communities during the
composting process.

Until now, not enough information on the succession
mechanism associated with microbial communities is available.
Thus, this work established multiple interaction pathways
between physico-chemical parameters as well as bacterial
(Figure 8A) and fungal (Figure 8B) alpha-indexes with
structural equation models (SEMs). Both TOC and TN showed
a significantly negative effect (P < 0.01) on bacterial richness
and diversity. Likewise, there was a significant negative effect (P
< 0.01) and negative affect (P < 0.05) between fungal richness
and diversity as well as TOC and TN, respectively. Moreover,
a significantly negative effect between temperature as well as
TOC and TN was found in bacterial and fungal systems. These
results supported the idea that temperature-controlled TOC
decomposition and TN mineralization affect microbial activity
in the composting system. Both NHZ‘ -N and NOj -N presented
a negative effect on fungal richness and diversity but not on
bacteria, which is in line with Cleveland and Liptzin (2007), who
indicated that fungi are important dominators in nutrient-poor

frontiersin.org


https://doi.org/10.3389/fevo.2022.1019494
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Cui et al. 10.3389/fevo.2022.1019494

A B
-29.97%*
Chaol B R S e e e e TOC Chaol TOC
pinkmiseietiby oy,
4 4 ' 0.27** 4! A 4 ' PO
B 0o ' p— I toore ' s | @
N e NH/N <« — LU [T e i—— NH&N . | N
= ; ] 486,44 | | P00 ! 48644xx | 1| =
8 H i [ Do i i it B
e P by P q,
E, W Temperature -~ MC : E i | Temperature -~ MC : : :
' ' B Lo :
0.03%% 1-266.07** . _ . _ | R S— 4 o4 Poboi2e6aTe S —y d : 1_0.08*
i | i , o | i I
I | : [ i
Lo EC i M ; i i EC ‘M : :
R i : R i
Vo _46.64**1 :-1008.77* . iy _46.64**1 :-1008.77* * |
EE vy ' P I o1 !
Pl 204205 NOWN  eeeeeeceiemoreeeeee, ; [ ! i o
R licec NOs-N (X S S 0027 77 NOs-N oo T L
1 | i bl -2942.15% o
R v v 2R v LY
T e o -.(il-'-* ------------- > Shannon IN e e i —0.0—1,—'— S e S Shannon
FIGURE 8
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physico-chemical parameters.
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