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Abstract
Ammonia and long chain fatty acids (LCFA) are two major inhibitors of the
anaerobic digestion (AD) process. The individual inhibitory effect of each of these two
inhibitors is well established; however, the combined co-inhibition effect has not been
thoroughly assessed yet. In the current study, the ammonia-LCFA synergetic coinhibition effect was investigated in both batch and continuous experiments. In the
batch experiments, a clear ammonia-LCFA synergetic co-inhibitory effect was
identified when the LCFA concentrations were higher than 0.05 g oleate L-1 and
ammonia levels between 4.0 and 7.0 NH4+-N L-1. This synergetic effect for LCFA and
ammonia levels above 1.1 g oleate L-1 and 4.5 NH4+-N L-1, respectively, was validated
in continuous reactors experiments. Nevertheless, adaptation of the AD microbiome to
this synergetic co-inhibition could occur after a period of continuous operation. A
potential mechanism to explain the synergetic co-inhibition lies on the initial inhibition
of methanogens caused by ammonia resulting in increased VFA and hydrogen
concentrations, which in turn renders β-oxidation of LCFA thermodynamically
unfavourable and thereby brings about further excess accumulation of LCFA and
consequently higher unspecific toxicity of all AD steps. This is a vicious cycle, which
makes the combined inhibition of the two toxicants more severe, compared to the sum
of their individual inhibition effects at the same operational conditions.
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1

Introduction
Anaerobic digestion (AD) is a widely used sustainable technology for bioenergy

(CH4) recovery from a variety of biowastes and wastewaters, such as industrial
wastewater, agricultural and forestry residues, municipal sewage sludge etc. [1, 2]. It is
a complex biological process, consisting of four steps, i.e. hydrolysis, acidogenesis,
acetogenesis and methanogenesis, which are mediated by different groups of
microorganisms [3]. However, these microorganisms can be easily inhibited by
different compounds contained and/or released from the substrate degradation, such as
ammonia, long chain fatty acids (LCFA), heavy/light metals, sulphide, etc., which result
in AD process instability with suboptimal methane production [4, 5]. Amongst
ammonia and LCFA are the two most common and major inhibitors of AD process.
Total ammonia (TAN), consisting of ammonium ions (NH4+) and free ammonia
(FAN, NH3), is produced during anaerobic degradation of proteins, urea, and nucleic
acids [6]. It is a basic nutrient for microorganism growth at concentrations below 200
mg NH4+-N L-1 [7]. However, it was reported by many researchers (reviewed by Chen,
et al. [5]) that concentrations ranging from 1.7 to 14 g NH4+-N L-1 inhibit the
methanogenic activity depending on different experimental conditions. Furthermore,
FAN, which increases alongside pH and temperature, is believed to be the most toxic
ammonia form [8]. Reduction of growth rate by 50% on aceticlastic and
hydrogenotrophic methanogens happened at 280 and 520 mg NH3-N L-1, respectively
[9]. Moreover, Benabdallah El Hadj, et al. [10] demonstrated that 50% inhibition on
methane production of municipal solid waste was observed at 468 mg NH3-N L-1 under
thermophilic condition. However, adaptation of the microbial community to high
ammonia levels after a long period of operation was reported, for example, the
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methanogenic activity remained efficient at FAN levels of 800 mg NH3-N L-1 in a
upflow anaerobic sludge blanket (UASB) reactor [11], and 1500 mg NH3-N L-1 in a fedbatch reactor [12]. It has been proposed that ammonia inhibition occurs when ammonia
enters into cytoplasma where it is ionised by taking up a proton, which is balanced by
exporting a potassium ion and thereby causing potassium deficiency [13, 14].
LCFA are the intermediate products of lipids' hydrolysis, thus are abundant in lipidrich substrates such as slaughterhouse wastewater and dairy industrial sludge [15, 16].
Lipid-rich biomasses are attractive AD feedstocks due to their high methane yield
potential of up to 1014 mL CH4 g-1 VS [3]. LCFA (e.g. oleic acid (Eq. (1)) are degraded
through β-oxidation [17], forming acetate, hydrogen and shorter chain fatty acids, which
are further catabolized to acetate and hydrogen (Eq. (2)) after several cycles of βoxidation [18]. This β-oxidation process is regarded as the rate limiting step of LCFA
degradation due to its slow degradation rate [19]. Furthermore, LCFA can be attached
on the cell membrane and limit the mass transfer [20], and thus inhibit the activities of
the microorganisms involved in all the AD steps [21]. It was reported that LCFA
concentration of 0.2 g oleate L-1 already had a profound inhibitory effect and biogas
production ceased at 0.5 g oleate L-1 [22]. Hwu, et al. [23] reported 50% inhibition of
methanogenesis in batch reactors at 0.1-0.9 g oleate L-1, depending on the origin of the
different inocula. However, many studies have reported an adaptation of the microbial
communities during the degradation of LCFA. For example, Palatsi, et al. [24] reported
that after 50 days of adaptation to successive LCFA pulses in semi-continuous reactors,
the aceticlastic and hydrogenotrophic methanogenic activity was improved by 8% and
62%, respectively. Furthermore, almost twofold higher tolerance to LCFA levels was
found when Alves, et al. [25] used inoculum derived from a lipids fed reactor compared
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to inoculum from a non-lipids fed reactor. The adaptation of the AD process to LCFA is
attributed to the development of a larger pool of LCFA degrading bacteria, which are
responsible for keeping the LCFA low, and thereby prevent of reaching LCFA
inhibitory levels.

C18H33O2- + 2H2O
C18H33O2- + 16H2O

C16H29O2- + CH3COO- + 2H2 + H+ ∆G0=50.50 kJ mol-1 Eq. (1)
9CH3COO- + 15H2 + 8H+

∆G0=390.85 kJ mol-1

Eq. (2)

Up to date, many studies have assessed the individual inhibitory effect of either
ammonia or LCFA on AD process [4, 24, 26, 27]. However, only few reports can be
found assessing the combined inhibitory effect of the two inhibitors. Some researchers
have suggested that different inhibitory factors might have a synergetic co-inhibition
effect on the AD process [5], which is defined as the interaction or cooperation of two
or more factors that can produce a combined effect greater than the sum of their
individual effects [28]. Recently, Wang, et al. [29] reported a potential ammonia-LCFA
synergetic co-inhibition effect in manure-based continuous reactors. However, no clear
conclusions of that study could be derived as were based on the comparison between
two manure-fed continuous reactors with ammonia or ammonia and LCFA (glycerol
trioleate-GTO) added in their feedstocks; while a reactor fed only with LCFA was
missing. Moreover, the mechanism behind the synergistic inhibition could not be
elucidated. Therefore, a dedicated study, in both batch and continuous reactors, to
completely assess and define the potential ammonia-LCFA synergetic co-inhibition is
necessary.
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The aim of this study was to assess the possibility of a synergetic co-inhibition
effect of ammonia and LCFA on AD process and to propose a potential mechanism that
creates the synergism. To achieve this aim, firstly, three batch experimental assays were
performed to compare the individual and the combined inhibitory effect of ammonia
and LCFA. Secondly, a continuous reactors experiment was set to investigate the coinhibition effect under different ammonia and LCFA levels and identify any potential
adaption of the methanogenic microbiome to the synergetic co-inhibition effect.

2

Material and methods

2.1 Inoculum and feedstock
The inoculum used in this study was derived from a manure based full-scale
thermophilic (53±1°C) biogas plant (Snertinge, Denmark). It was flushed with pure N2
gas after arriving in the lab, and used immediately to start up the continuous reactors.
For batch experiment, prior to use, the inoculum was kept in a thermophilic incubator
(55±1°C) for one week to reduce the background methane production. Cattle manure,
obtained from Hashøj municipality in Denmark, was used as the main feedstock in all
the experiments. After sieving (1 mm diameter) the manure to separate the large
particles, it was stored at -21°C, and thawed at 4°C for 2-3 days before use. Moreover,
biochemical methane potential (BMP) of the cattle manure (271.44 ± 23.36 mL g-1 VS,
supplementary material Fig.S1) was defined according to a previously proposed
protocol [30]. The basic characteristics of the inoculum and feedstock are depicted in
Table 1. Furthermore, ammonium chloride (NH4Cl, purity ≥ 99.5%, Sigma-Aldrich,
CAS: 12125-02-9) and sodium oleate (C18H33NaO2, purity ≥ 82%, Sigma-Aldrich, CAS:
143-19-1) were chosen as ammonia and LCFA sources, respectively.
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2.2 Batch experiment setup
Three different batch assays (i.e. Assay I: ammonia inhibition test, Assay II: LCFA
inhibition test, and Assay III: ammonia + LCFA inhibition test) were performed using
glass serum bottles with 40 and 118 mL working and total volume, respectively. In each
bottle, 35 mL inoculum, 2.7 mL cattle manure (reaching final organic load of the
reactor1.0 g VS L-1) and 2.3 mL distilled water were added. Then the amount of NH4Cl
and LCFA were added according to the different designed levels. In total, four TAN
levels, six LCFA levels and 12 combined TAN+LCFA levels were tested in the batch
assays (Table 2). The pH was adjusted to 8.0±0.1 using HCl or NaOH solutions. After
sealing with butyl rubber stoppers and aluminium caps, and flushing with N2 gas, all
bottles were incubated at 55±1°C for 42 days. All experiments were performed in
triplicates.

2.3 Continuous experiment setup
Three lab-scale thermophilic (53±1°C) continuously stirrer tank reactors (CSTR)
were used in this study, named RTAN (ammonia inhibition test), RLCFA (LCFA inhibition
test) and RCOM (TAN+LCFA combined inhibition test). Each reactor had a 1.8 and 2.3 L
working and total volume, respectively, and was equipped with an influent and an
effluent bottle, a feeding peristaltic pump, an electrical heating jacket, a waterdisplacement gas meter and two magnetic stirrers. The hydraulic retention time (HRT)
was set to 15 days. To keep a constant organic loading rate (OLR) of 1.0 g VS L-1 d -1
throughout the experiment and avoid any organic overloading effect, the corresponding
amount of VS was removed from both the feedstock and the reactor when LCFA were
fed in the reactors. The experiment was divided into five phases, and the operational
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parameters in each of these phases are presented in Table 3. At the beginning of each
new phase, TAN and/ or LCFA levels were increased instantly both inside the reactor
and in the feedstock.

2.4 Analyses
TS, VS, TKN and TAN were measured according to standard method of APHA
[31]. A PHM99 LAB pH meter was used for pH measurement [26]. VFA concentration
was measured by a gas-chromatograph (HP 5890 series II) using nitrogen as carried gas,
and equipped with flame ionization detector and a FFAP fused silica capillary column
(30 m × 0.53 mm i.d., film thickness 1.5 μm) [32]. Moreover, methane content was
determined by a gas-chromatograph (Trace 1310 GC-TCD, Thermo Fisher, Denmark)
equipped with TracePLOT TG-BOND Q 26004–6030 column (30 m × 0.32 mm I.D.,
film thickness 10.0 μm) (Thermo Fisher), and helium as carrier gas [12].

2.5 Calculations and statistics
2.5.1 Relative methane production and synergetic co-inhibition effect
In batch assays, the methane production derived from the reactors that contained
only cattle manure (without the addition of ammonia and LCFA) was used as the
baseline production. For the batch reactors that ammonia but no LCFA was added, the
maximum methane production was equal to the baseline production. While for reactors
with LCFA addition, the maximum expected methane production was calculated by
summing up the batch baseline production and the theoretically maximum methane
production from the added LCFA (1014 mL CH4 g-1 VS). Finally, the inhibition effect
(I, expressed as %) was defined as the difference between the calculated maximum (Bo)
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and practical methane production (Bpr) of each reactor, divided by the calculated
maximum production (Bo).
I = (Bo-Bpr)/Bo *100
For the continuous reactors, the maximum methane production (Bo) was calculated
by summing up the production from the cattle manure (271 mL CH4 g-1 VS) and the
production from LCFA (1014 mL CH4 g-1 VS) based on the different proportion for
each one of the different experimental phases. Thus, the relative methane (Brel)
production (expressed as %) was defined as the ratio between practical methane
production (Bpr) and the maximum methane production (Bo).
Brel = Bpr/Bo*100
Moreover, the relative methane production at P1 was used as the baseline to
evaluate the inhibition in the other experimental phases (P2-P5).
The synergetic co-inhibition effect was assessed by comparing the practical
inhibition effect of the TAN+LCFA combined reactors to the theoretically expected
inhibition, which was calculated from the sum of the individual inhibition of the TAN
and LCFA individual inhibition reactors under the same tested conditions.
2.5.2 Statistical analyses
One-way ANOVA was used to compare the significant difference (p<0.05) between
different toxicity levels, while two-way ANOVA was applied to identify the significant
interaction (p<0.05) between the two inhibitors. All statistical analyses and the plotted
data were made with the OriginLab program (OriginLab Corporation, Northampton,
Massachusetts).

3

Results and discussion
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3.1 Batch reactors experiments
3.1.1 Ammonia (Assay I) and LCFA (Assay II) individual inhibition tests
The individual inhibition effect of both ammonia and LCFA increased (p<0.05)
alongside the inhibitors’ levels (Fig. 1), which was in accordance with many previous
studies [7, 21, 33]. In Assay I, less than 10% inhibition was observed at 4.0 NH4+-N L-1,
while above 40% inhibition was found at the highest tested TAN levels (7.0 NH4+-N L1

). Similar results were reported by many researchers, for example, Angelidaki and

Ahring [34] identified 4.0 g NH4+-N L-1 as the inhibition threshold for continuous
thermophilic digestion of cattle manure. Furthermore, Fotidis, et al. [33] reported that,
in batch reactors experiments, no significant inhibition was detected when TAN levels
were below 3.0 g NH4+-N L-1, while around 50% inhibition on the growth rate of
methanogens was observed at 7.0 g NH4+-N L-1.
In Assay II, only 20% inhibition was found for 2.5 g oleate L-1 while complete
inhibition occurred at 4.0 g oleate L-1. However, Angelidaki and Ahring [22] and Hwu,
et al. [23] have reported 50 to 100% inhibition on methanogenesis at LCFA
concentrations between 0.1 and 0.9 g oleate L-1 depending on the origin of tested
inocula. This indicates that the inoculum used in the current study had a higher
tolerance to LCFA toxicity levels compared to the inocula used in the aforementioned
studies. A possible explanation could be the higher inoculum/working volume ratio
(87.5%, v/v) of this study, compared to the aforementioned studies (2-5%, v/v), since
increasing biomass/LCFA ratio seems to alleviate, to some extent, the LCFA inhibition
effect [35].
3.1.2 Ammonia + LCFA combined inhibition test (Assay III)
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The combined inhibition experiment results (Fig. 2) showed a clear (p<0.05)
ammonia-LCFA synergetic co-inhibition effect for LCFA levels higher than 0.05 g
oleate L-1 and TAN levels between 4.0 and 7.0 g NH4+-N L-1. This synergetic coinhibition effect could be attributed to both the thermodynamically unfavourable βoxidation of LCFA (∆G0 > 0) and the different inhibition mechanisms of ammonia and
LCFA. Specifically, the anaerobic degradation of LCFA relies on β-oxidation to form
acetate and shorter chain fatty acids (Eq. (1-2)), which is endothermic and
nonspontaneous at standard conditions. However, β-oxidation can become
thermodynamically favourable (∆G0 < 0) at reactor conditions when it couples with
methanogenesis [36] resulting in lowering the hydrogen partial pressure. Ammonia is
inhibiting mainly the methanogens. Therefore, when ammonia inhibits methanogenic
activity, the hydrogen concentration would increase making the LCFA degradation not
favourable and lead to excess LCFA accumulation. The LCFA inhibit more unspecific
and are toxic to all microbial groups mediate the AD process [4]. Therefore, a possible
mechanism that explains the ammonia-LCFA synergetic co-inhibition effect is that
inhibited methanogenesis mainly by ammonia renders β-oxidation of LCFA
thermodynamically unfavourable. As a result, an excess LCFA accumulation occurs in
the system, which further inhibits all AD process steps and creates the synergism.
Nevertheless, when the LCFA concentration was lower than 0.2 g oleate L-1, no
synergetic effect was detected, independently of the ammonia levels. This indicates that
LCFA levels below 0.2 g oleate L-1 had no additional inhibitory effect on the AD
process. Similarly, no synergetic effect was observed at 7.0 g NH4+-N L-1,
independently of the LCFA levels. This could be explained by the devastating toxicity
that such extremely high ammonia levels could cause to all the AD processes and not
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only to methanogenesis. Therefore, any LCFA addition cannot enhance further the
inhibition on the AD process. This is supported by Lü, et al. [37] and Niu, et al. [38]
reporting that hydrolytic and acidogenic efficiency decreased when the TAN levels
were higher than 6.5 g NH4+-N L-1.

3.2 Continuous reactors experiment
3.2.1 Methane production efficiency
The methane production of all the reactors during P1 was similar (p>0.05), and
around 60% of the theoretical maximum production was observed at the steady state
(Fig. 3), which was defined by the methane production variation below 10% for at least
ten consecutive days [32]. The difference between the experimental and theoretical
production was mainly due to the finite digesting time in continuous reactors [3, 39].
During P2 and P3, the ammonia-LCFA synergetic co-inhibition effect was not
observed, even though the overall production of all the reactors decreased due to the
increased inhibitors levels. Specifically, alongside the increase of TAN levels, the
relative methane production of RTAN dropped up to 30% compared to the baseline. This
result was in accordance with previous studies reporting that methane production
decreased by between 28.2% to 41.1% when TAN levels was increased from 2.1 to 4.0
NH4+-N L-1 [29], moreover, 31% production loss was found in a CSTR reactor with
stepwise increased TAN levels up to 5.0 NH4+-N L-1 [40]. RLCFA and RCOM performed
similarly with only a small reduction of their methane production (10-22%) compared
to the baseline production. Palatsi, et al. [35] have also reported small methane
production loses followed by fast recovery of the reactor production for LCFA
concentrations below 1.0 g oleate L-1.
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However, a clear synergetic co-inhibition effect in RCOM, which lasted between 7 to
10 days, was detected immediately after the increase of ammonia and LCFA levels at
P4 and P5. Specifically, at the beginning of P4, methane production of RCOM was
inhibited by more than 50% compared to the baseline phase, while no inhibition and
less than 30% inhibition were found for RLCFA and RTAN, respectively. The same pattern
was repeated at the beginning of P5 where RCOM lost almost 85% of its methane
production for 15 consecutive days. At the same time, RLCFA was inhibited only for
seven days with maximum 74% production loss and recovered rapidly, while RTAN was
inhibited only by 25% throughout P5. These results confirm Wang, et al. [41] who has
first suggested a potential ammonia-LCFA synergetic co-inhibition effect in reactors fed
with GTO and cattle manure. Overall, the ammonia-LCFA synergetic co-inhibition
effect in CSTR reactors was identified at TAN levels higher than 4.5 g NH4+-N L-1 and
LCFA levels higher than 1.1 g oleate L-1.
Nevertheless, even though this synergetic co-inhibition was detected immediately
after the increase of the two inhibitors levels, the microbiome in RCOM showed the
ability to recover from the co-inhibition and perform stably after a certain period of
adaptation. This might be attributed to the potential adaptation ability of the microbial
community to both high ammonia [32, 42] and LCFA [24, 25] levels, after a long-term
continuous operation.
3.2.2 VFA and pH variation
The VFA variation of the three reactors (Fig. 4a) was consistent with the methane
production results, and further verified the ammonia-LCFA synergetic co-inhibition
effect. Specifically, VFA levels at P1 were around 300 mg HAc L-1 for all the reactors.
However, an increase of VFA up to 3000 mg HAc L-1 was observed in RLCFA and RCOM
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after the increase of inhibitors' levels. It is worthy to notice that a faster VFA
accumulation was detected in RLCFA than RCOM, especially at P4 and P5. This could be
explained by 1) slower β-oxidation of LCFA in RCOM than RLCFA due to the
thermodynamically unfavourable β-oxidation caused by severe methanogenesis
inhibition from high ammonia levels, and 2) the excess LCFA accumulation and high
ammonia levels in RCOM created a synergism that affected more the RCOM than the
RLCFA. Therefore, the VFA results also supported the proposed mechanism for the
synergetic co-inhibition effect. Nevertheless, the VFA levels in RCOM decreased below
1500 mg HAc L-1 after a certain period, which indicated adaptation of the microbiome
to the synergetic effect. For RTAN, a gradual increase of the VFA levels up to 1000 mg
HAc L-1 alongside the increase of the ammonia levels was observed as was expected [12,
43].
The pH varied between 7.6 and 8.0 during the steady state of each phase for all the
reactors (Fig. 4b), which was within the optimal pH range for the AD process [44].
However, a distinct pH drop to around 7.3 was observed at the beginning of P4 and P5
in RLCFA and RCOM. This temporary pH drop was the result of the VFA accumulation
[45, 46].
Overall, the synergetic co-inhibition effect was detected at specific LCFA and
ammonia levels, in both batch and continuous reactors experiments and verified by the
secondary analytical parameters (i.e. VFA and pH). However, the concertation
thresholds of ammonia and LCFA that cause this synergism were significantly different
among the two reactor types. This could be attributed to the different ability that the
microbiomes of CSTR and batch reactors have to resist inhibition under similar
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operational conditions (e.g. same: inoculum, incubation temperature, substrate, etc.)
[12].

4

Conclusions
The current study showed a clear ammonia-LCFA synergetic co-inhibition effect in

both batch and continuous AD reactors. The proposed mechanism for this synergy is
that inhibition of methanogenesis, mainly due to high ammonia levels, slows down βoxidation of LCFA, causing an excess LCFA accumulation, which further intensifies
the overall AD process inhibition. The difference in the thresholds that cause this
synergism between CSTR and batch reactors could be attributed to the different ability
of the two reactor types to resist inhibition. However, a long-term exposure to moderate
levels of ammonia and LCFA in continuous reactors could result in adaptation of the
methanogenic microbiome and counteract the synergetic co-inhibition effect. Finally,
the results also verified the significant role that ammonia and LCFA levels play in the
AD process efficiency, and contribute to the optimized utilization of the nitrogen-rich
and lipid-rich waste.
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Figure Legends

Fig. 1. Individual inhibition (%) of ammonia and LCFA under different TAN and
LCFA levels.

Fig. 2. The theoretically expected and experimentally practical inhibition of the
TAN+LCFA synergistic co-inhibition effect on the batch reactors.

Fig. 3. Relative methane production of the three CSTR reactors at different
experimental phases.

Fig. 4. a) VFA accumulation and b) pH fluctuation of the three CSTR reactors at
different phases.
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Highlights
 Identification of NH3-LCFA synergetic effect in batch and continuous reactors
 A new mechanism was proposed to explain the NH3-LCFA synergetic effect
 Excess LCFA levels due to β-oxidation inhibition by NH3 trigger the synergism
 Adaptation of the microbiome to the synergism is possible in continuous reactor
 Different NH3-LCFA levels cause the synergism in batch and continuous reactors
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Table 1. Characteristics of the inoculum and the substrate.
Parameter (unit)

Inoculum

Substrate

Total solids-TS (g L-1)

34.72 ± 0.40*

35.84 ± 0.14

Volatile solids-VS (g L-1)

23.27 ± 0.71

25.42 ± 0.18

Total Ammonium nitrogen-TAN (g NH4+-N L-1)

2.75 ± 0.09

1.48 ± 0.01

Total Kjeldahl nitrogen-TKN (g N L-1)

2.77 ± 0.10

1.57 ± 0.10

Volatile fatty acids-VFA (mg L-1)

76.45 ± 1.63

2147.77 ± 128.38

pH

8.40

7.55

* Standard deviation
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Table 2. Experimental setup of different TAN and LCFA levels of the three batch
reactor assays
Assay I

Assay II

Assay III

TAN/LCFA (g NH4+-N L-1/g oleate L-1)
2.60/0.00

2.60/0.00

4.00/0.05

4.00/0.00

2.60/0.05

4.00/0.20

5.00/0.00

2.60/0.20

4.00/0.50

7.00/0.00

2.60/0.50

4.00/1.00

2.60/1.00

5.00/0.05

2.60/2.50

5.00/0.20

2.60/4.00

5.00/0.50
5.00/1.00
7.00/0.05
7.00/0.20
7.00/0.50
7.00/1.00
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Table 3. Operational parameters in different experimental phases of the CSTR reactor
experiment.
RTAN

RLCFA

RCOM

Phases

Days

TAN/ LCFA (g NH4+-N L-1/ g oleate L-1)

Phase 1 (P1)

0-12

2.60/0

2.60/0

2.60/0

Phase 2 (P2)

13-35

3.26/0

2.60/0.42

3.26/0.42

Phase 3 (P3)

36-56

3.82/0

2.60/0.77

3.82/0.77

Phase 4 (P4)

57-96

4.54/0

2.60/1.13

4.54/1.13

Phase 5 (P5)

97-143

5.58/0

2.60/2.18

5.58/2.18
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