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Abstract Challenges for better treatment of slaughter-
house wastewater (SWW) stem from too strong organic
pollutants as well as the potential existence of various
pathogen but conventional biological treatment still has
shown its limitation. Using cold plasma, this study
investigates the physicochemical deactivation of patho-
gens while treating organic and inorganic pollutants of
slaughterhouse wastewater (SWW). Experiments were
conducted by decreasing the hydraulic retention time
from 0.16 to 1 L/day to derive the best operating condi-
tion based on the performance in the cold plasma oxi-
dation. While operating the continuous plasma process,
this study identifies the main mechanisms for nitrogen,
phosphorus, and iron removal. The results show that
chemical oxygen demand (COD), total nitrogen (TN),
and total phosphorus (TP) recorded the removal effi-
ciencies of 78~93, 51~92, and 35~83%, respectively. A
slight increase in pH via cold plasma influence total iron
(T-Fe) removal up to 93%. Cell counting confirms that
bacteria could be removed as much as 98% or more in
all the operating conditions tested. Toxicity unit dramat-
ically decreased to less than 1 (~96% removal). These
results suggest that the cold plasma treatment of SWW
might be a viable option to manage organic pollutants,
pathogen, and toxicity simultaneously.
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1 Introduction

Slaughterhouse wastewater (SWW) has been a major
problem threatening water environment because popu-
lation growth has made the number of slaughter facili-
ties increased (Bustillo-Lecompte and Mehrvar 2016).
Governments are strictly urging the facilities to meet
water quality regulations and to promote water recycling
by reducing pollutants (B. Jiang et al. 2014), toxic
organic pollutants (Rueda-Marquez et al. 2015), and
pathogens (Barana et al. 2013). Nevertheless, the per-
formance of government action has been limiting since
SWW usually gives a high pollution load due to ex-
tremely abundant organic and inorganic matters
(Davarnejad and Nasiri 2017). Abundant animal blood
contents increase nitrogen and iron concentrations due
to hemoglobin and other proteins (Louvet et al. 2013),
which makes its treatment more difficult. Although
biological treatment has been used in most cases due
to economical consideration, its treatability seems too
weak to treat all the substances meeting the regulations
of SWW effluent and protecting a human health issue
(Padovan and Azevedo 2015).

For various pathogens, SWW provides a good envi-
ronment to grow (Ayaz et al. 2014). The pathogenic
contamination of receiving water may be a threat to
human society thus concerns to the public health
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regarding the treatment of SWW is getting attention
(Peng et al. 2017). For example, Escherichia coli
O157: H7 and Staphylococcus aureus are known to
exist in SWW (Hasman et al. 2010; Ayaz et al. 2014)
because they live in cows and other ruminants. In a
water contamination by feces and SWW, E. coli O157:
H7 may lead to hemorrhagic colitis and hemolytic uremic
syndrome in humans (Gun et al. 2003; Ayaz et al. 2014).
Moreover, S. aureus can cause a wide range of different
infections such as dermatitis, pneumonia, septicemia,
osteomyelitis, and meningitis in humans (Hasman et al.
2010). Therefore, pathogens in SWW should be inevita-
bly sterilized due to the abovementioned risks.

Since existing biotechnologies cannot easily over-
come the limitation (Oller et al. 2011), advanced oxida-
tion processes (AOP) have been investigated to oxidize
pathogens, non-biodegradable pollutants, toxins, and
micro-pollutants using reactive chemicals such as hy-
droxyl radicals (‘OH), ozone (Os), ozone radical ions
(O3 ), atomic oxygen (O), hydrogen peroxide (H,O,),
and hydroperoxyl radicals (HO,) (Bustillo-Lecompte
et al. 2013; Magureanu et al. 2010; Oller et al. 2011;
Esplugas et al. 2007; De la Cruz et al. 2012; Rueda-
Marquez et al. 2015).

Recently, cold plasma technology has been advanced
and applied in pollutants management to produce vari-
ous oxidative chemicals with competitive cost-
effectiveness to previous AOPs (Magureanu et al.
2010). While ozone and chlorine have problems of
residual by-products (Panizza and Cerisola 2010), the
cold plasma process is free from the issue and decon-
taminates them almost completely (Lee and von Gunten
2010). The disinfection ability of various radicals from
glow discharge cold plasma process seems to be supe-
rior to conventional disinfection methods (Hou et al.
2012; Cho et al. 2006; Mamane et al. 2007; Sun et al.
2016) but practical information is lacking especially in
the SWW treatment.

Cold plasma’s non-selective characteristic can decom-
pose most organic pollutants into their final product CO,
(Krishna et al. 2016; Wang et al. 2012) with the help of
various reactive chemicals (Bullock et al. 1980; Hickling
and Ingram 1964a, b). This makes the applicability of
cold plasma promising especially in the management of
toxic or non-biodegradable pollutants (Bruggeman and
Leys 2009; Malik 2010). Despite the potential of cold
plasma to reduce the toxicity (Vilhunen and Sillanpai
2010; Esplugas et al. 2007; Ribordy et al. 1997) and
pathogens (Wang et al. 2012), little information regarding
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proper operating conditions and removal mechanisms are
available about its applicability to slaughterhouse waste-
water treatment.

This study demonstrates how the removal of organic
substances, pathogens, and ecotoxicity is associated
with the cold plasma, and what are the cause and effect
of toxicity removal and pathogen disinfection in SWW
treatment. In addition, a continuous cold plasma process
is tested to clarify the main mechanisms for nitrogen,
phosphorus, and iron removal for better cold plasma
application.

2 Materials and Methods
2.1 Characteristics of SWW

SWW, collected from an influent line of SWW treat-
ment plant located in a rural area of Nonsan, Korea, was
used as a substrate for all the experiments. Table 1
presents the physical, chemical, and biological charac-
teristics of the wastewater. After sampling, all the sam-
ples were kept at4 °C in a laboratory refrigerator prior to
physical, chemical, and biological analyses.

2.2 Pathogen and Culture Assay

E. coli O157: H7 was obtained in frozen from the
National Culture Collection for Pathogens (NCCP) at
Korea centers for disease control and prevention (NCCP
15739) in Cheongju, Korea. The bacteria were thawed
on ice for 20 min before being plated on an agar plate.
The plate was dried before incubation for 16 h in a
standard cell culture environment (37 °C, 5% CO,,
and 95% air). A single colony E. coli O157: H7 was

Table 1 Characteristics of SWW (standard deviation of three
replicates)

Item Range Average  Standard
deviation

CODc, (g/L) 6.9~8.9 7.4 1

TN (mg/L) 602.5~653.0 609.9 24.5

TP (mg/L) 40.5~46.3 44.1 2.9

T-Fe (mg/L) 59.7-91.1 66.9 14.1

TU 13.6~14.5 13.8 0.45

Total coliforms 102,000~338,000 267,000 44,120

(CFU/mL)
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selected using a 1-pL loop (SPL life sciences) and
inoculated into centrifuge tubes containing 5 mL of
modifying tryptic soy broth (mTSB, LAB165, LAB
M, UK). Bacteria in centrifuge tubes were then incubat-
ed at 37 °C under agitation at 200 rpm for another 24 h.
And for experimental purposes, the strains were incu-
bated in Tellurite Cefixime-Sorbitol MacConkey Agar
(TC-SMAC, LABI161, LAB M, UK) with 1% potassi-
um tellurite (Cefixime tellurite supplement, x161, LAB
M, UK) at 37 °C overnight.

S. aureus was also obtained in a frozen form (NCCP
14780). It was thawed on ice for 20 min before being
plated on an agar plate. The plate was dried before
incubation for 16 h in a standard cell culture environ-
ment (37 °C, 5% CO,, and 95% air). A single colony of
S. aureus was selected using a loop (1 uL, SPL life
sciences, Korea) and inoculated into centrifuge tubes
containing 5 mL of tryptic soy broth (TSB, LAB M,
LABO004, UK). Bacteria in centrifuge tubes were then
incubated at 37 °C under agitation at 200 rpm for
another 16 h. The strains were then incubated in a
mannitol salt agar (MSA, LAB007, LAB M, UK) with
egg yolk emulsion (x075, LAB M, UK) at 37 °C
overnight.

2.3 Microbe Plate Culture Assay

Total coliforms, E. coli O157: H7 and S. aureus, were
respectively cultivated with desoxycholate citrate agar
(DCA, Sigma-Aldrich, D7809-500G, Stockholm, Swe-
den), tellurite cefixime-sorbitol MacConkey agar (TC-
SMAC, LABI161, LAB M, UK) with 1% potassium
tellurite (Cefixime tellurite supplement, x161, LAB M,
UK), and mannitol salt agar (MSA, LAB007, LAB M,
UK) with egg yolk (Egg yolk emulsion, x075, LAB M,
UK). The sample of 100 pL was applied to a petri dish
(90 x 15 mm, SPL Life Sciences, Korea) according to
the hydraulic retention time (HRT) of experimental plan.
Then, it was incubated overnight at 37 °C.

2.4 Method of SWW Analysis and FE-SEM

Water quality characteristics of SWW influent and ef-
fluent were analyzed following the standard method
(Rice et al. 2012). Used standard method numbers for
chemical oxygen demand (COD), total nitrogen (TN),
total phosphorus (TP), total iron (T-Fe), and total coli-
forms were 5220 B, 4500 NC, 4500 PE, 3500 Fe B, and
9211 B, respectively. To estimate the number of viable

coliform bacteria, a colony-forming unit per milliliter
(CFU/mL) was used.

2.5 Microbial Surface Observation Using FE-SEM

After bacterial cells were cut into small pieces with a
razor blade, they were pinned onto silgard-coated plastic
petri dishes and submerged with a fixing solution con-
taining 2% paraformaldehyde and 2% glutaraldehyde in
0.05 M cacodylate buffer, pH 7.2 for overnight at room
temperature. Thereafter, bacteria cells were washed
three times (10 min for each) with 0.05 M sodium
carcodylate buffer at pH 7.2. Then, these bacteria cells
were immersed in 1% osmium tetraoxide in 0.05 M
sodium carcodylate buffer, pH 7.2, for 1.5 h at 4 °C.
Again, they were washed two times with distilled water.
Finally, stepwise dehydration in ascending ethanol con-
tent (30, 40, 50, 70, 80, 90, and 100%) was conducted.
Overall pretreatment process took approximately
80~90 min to complete.

Next drying processes are as follows: (1) chemical dry
was conducted with 100% hexamethyldisilazane (HMDS)
for 15 min, two times, and then (2) critical point dryer
was used after 100% isoamyl acetate 15 min, two times.
Then, gold film coating made the cell surface observable
by field emission scanning electron microscopy (FE-
SEM, Carl Zeiss SUPRA 40 VP, Germany).

2.6 Toxic Unit Measurements by Daphnia magna

The toxic unit (TU) of SWW and cold plasma treated
samples were measured using newborn Daphnia magna
within 24 h at different dilution rates (6.25, 12.5, 25.0,
50.0, and 100.0%) for 24-h exposure time. Daphnia
magna were grown in the laboratory at 16-h daylight
and 8-h dark periods supplying a 1500 Ix illumination.
They were fed by Chlorella vulgaris (10"~1 0% cells/mL)
and yeast mixture (yeast: chlorophyll: tetramin = 1:1:1).
All the solutions were prepared using deionized water at
pH 8.0. Room temperature was kept at 201 °C and
minimum 6 mg/L of dissolved oxygen was supplied by
activated carbon air filtration. Following standard pro-
tocol, experiments were carried out in quadruplicate and
five Daphnia magna were used in each test beaker
(50 mL of effective volume). Corresponding results were
expressed as immobilization number of the Daphnia
magna after 24-h toxicity test determined by dividing
the immobile number of Daphnia magna by total num-
ber of Daphnia magna.
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2.7 Experimental Setup

A bench-scale cold plasma reactor, shown in Fig. 1, was
constructed with a bench-scale cold plasma system
(Groon Co., Ltd) and a cylindrical glassware bottle.
Cold plasma had an electrical specification of 10 mA
and 2.2 W. The whole setup consisted of a pair of cold
plasma system and a peristaltic pump (Masterflex Mod-
el 77120-42, USA). A tubing (06460-48, tygon tubing,
Cole-parmer instrument co., Vernon Hills, IL) was used
to transport liquid from the influent bottle to main reac-
tor, and flow meter (Dwyer, RMA-22-SSV, USA) and
air pump (WELCH, 2546C-10, China) were also con-
nected and adjusted to 10 L/min by inserting a round air-
stone (diameter 3 c¢m) into the reactor bottle.

2.8 Operating Conditions of Experiments

HRT was achieved by the flowrate adjustment of peri-
staltic pumps according to experimental design.
Employed flowrates were 1 L/day at HRT 1 day, 0.33
L/day at HRT 3 days, 0.25 L/day at HRT 4 days, and
0.16 L/day at HRT 6 days, respectively. As shown in
Fig. 1, samples were analyzed along with sampling plan.
Organic loading rates (OLR), defined as the amount of
COD applied to the reactor per day, was calculated by an
equation, OLR = influent COD/HRT (gCOD/L/day).

3 Results and Discussion
3.1 COD Removal Efficiency

Figure 2 presents the steady-state COD concentrations
of influent, effluent, and corresponding COD removal
efficiency to verify the organic removal performance by
the cold plasma. The data were obtained from the ana-
lytical results of samples taken according to experimen-
tal design.

12 100

[ Effluent 80

—@— Removal efficiency

COD (g/L)
Removal efficiency (%)

HRT (d)

Fig. 2 Steady-state influent COD, effluent COD, and COD re-
moval efficiency according to HRT

In the case of HRT 6 days, the COD effluent was
0.51 g/L, which shows the removal efficiency of 93%.
When the HRT was decreased to 4 days and then to
3 days, the steady-state effluent COD slightly inclined to
0.65 g/L (HRT 4 days) and 0.68 g/L (HRT 3 days),
which are the COD removal efficiencies of 91 and
90%, respectively. The shortest HRT 1 day gave the
lowest COD removal efficiency of 78% (2.0 g/L). This
12% difference implies that short contact time of cold
plasma oxidation leads to lower treatment efficiency and
the optimal HRT for cold plasma must be higher than
3 days for > 90% organic removal.

These results confirm that the effective organic oxi-
dation of cold plasma is possible even under high OLR.
When the OLR of the SWW ranges between 1.2 and
2.5 gCOD/L-d, cold plasma could remove 93~90% of
organics. Increasing OLR to 8.9 gCOD/L-d was still
operational keeping the removal efficiency of 78%
since cold plasma utilizes physicochemical oxidation
by various radicals (Jee et al. 2016). Through the
oxidative decomposition by radicals (B. Jiang et al.
2014), destroyed organics might have decomposed to
the final product, CO,. Thus, having sufficient con-
tact time may allow higher degradation efficiency.

Fig. 1 A schematic setup of cold
plasma system for continuous
experiments at a constant air
flowrate of 5 L/min: (1) aerator,
(2) flow meter, (3) cold plasma

generator, (4) SWW, (5) peristal-
tic pump, (6) main reactor, and (7)
effluent
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Fig.3 Influent and effluent T-N concentration at steady-state, and
overall T-N removal efficiency according to HRT

This indicates that the treatment efficiency is associ-
ated with either the amount of supplied radicals or the
residence time in a single stage process (Magureanu
et al. 2010).

3.2 T-N Removal Efficiency
Figure 3 shows the T-N influent and effluent values, and

its removal efficiency according to HRT. Experimental
results in HRT 6 days showed a removal efficiency of

92.9% with the influent of 603 mgN/L and the effluent
of 47 mgN/L. Declining HRT from 4 to 3 days increased
the effluent T-N concentration from 72 mgN/L (88%
removal) to 135 mgN/L (77% removal), respectively.
Moreover, further decrease of HRT to 1 day showed a
removal efficiency of 51.0% with the influent of
653 mgN/L and the effluent of 320 mgN/L.

In previous AOP studies, the removal of T-N was
regarded as ammonia stripping, and the formation of
ammonia is induced by increasing pH and temperature
(Gustin and Marinsek-Logar 2011). Although T-N re-
moval by stripping may not be negligible, this study
indicates that the removal of T-N was much higher than
the references ranging widely (25~50% removal) at
around pH 8. It evidences that another removal mecha-
nism may contribute to the removal of T-N.

Accordingly, we inferred the existence of another
nitrogen removal mechanism from the existing ones.
Free radicals are atoms, molecules, or ions with odd
electrons, which are very unstable and easily react with
other molecules to be stabilized. Thus they may be able
to oxidize organic nitrogen to be transformed into var-
ious types of nitrogen oxides (Carocho and Ferreira
2013). These transformed nitrogen oxides may experi-
ence selective catalytic reduction/oxidation (SCR/
SCO), which deforms ammonia and nitrogen oxides

Table 2 General mechanisms involved in the electrochemical oxidation and reduction of nitrate

Process

Reaction steps

References

Reactions of nitrate ion and water molecules

NO; +H,0+2¢ —NO, +20H

(Mook et al. 2012)

NO; ™ +3H,0 +5¢ — % N, + 60H™
NO;™ + 6H,0 + 8¢ — NH; + 90H ™

Reaction of nitrite ion and water molecules.

NO, +2H,0+3¢ — % N, +40H"

NO, +5H,0+6¢ — NH;+70H
NO, ™ +4H,0 +4¢” — NH,OH + 50H"

The major electrochemical reactions involved
in the electrochemical nitrate.

A number of main chemical reactions rising
in the SCR system are presented.

Urea mixes with the nitrogen oxides and transmutes
the nitrogen and the carbon dioxide.

INO, +4H,0 + 66— Ny +80H™
2NO, +3H,0+4e — N,O+60H"

NO, +H,0+2e — NO+20H
N,O +5H,0 +4e — 2NH,OH +40H

4NO +4NH;3 + O, — 4 N, + 6H,0
2NO; +4NH;3 + O, — 3 N, + 6H,0

NO+NO; + 2NH; — 2 N, + 3H,0

4NO + 2(NH,),CO + 05 —> 4 N, + 4H,0 + 2CO,
2N02 + 2(NH2)2CO + 02 —3 N2 + 2C02 + 4H20

NO+NO, + (NH3),CO — 2N, + CO, + 2H,0

(Li et al. 2009)

(Wang et al. 2016)

(Jiang et al. 2013)
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into nitrogen gas triggered by cold plasma-based chem-
ical species with the iron from blood as a catalyst.
Table 2 shows available oxidation-reduction reactions
of the nitrogen species, which may reflect the existence
of SCR/SCO for T-N removal. Nonetheless, the results
are partly valid when iron complexes can play a catalyst
role at around pH 8 (Long et al. 2002). The possibility
cannot be excluded since SCR/SCO may be partially
operational under low temperature condition (Gustin
and Marinsek-Logar 2011; Qi and Yang 2003).

3.3 T-P and Fe Removal Efficiency
Figure 4 illustrates remaining T-Fe and removed T-Fe

according to HRT, and overall T-Fe removal efficiency.
In the case of HRT 6 days, the influent concentrations of

the influent concentrations of T-P and T-Fe were 40.5
and 91.1 mg/L. For HRT 1 day, the removal efficiency
of T-P and T-Fe were 31.1% (27.9 mgP/L) and 68.8%
(28.4 mgFe/L), respectively.

In the cold plasma process, generated reactive
chemicals may oxidize abundant ferrous iron in SWW
to ferric iron Eq. (1) or Eq. (2). Then the ferric iron
reacts with the abundant phosphate ions in SWW to
form precipitates of ferric phosphates in Eq. (3) since
oxidation of ferrous iron and slightly increased pH
promotes those reactions favorable (Tchobanoglous
et al. 2003; Kang et al. 2003). It indicates that cold
plasma can remove phosphate and iron simultaneously
with high efficiency when treating blood (or iron) con-
taining slaughterhouse or livestock wastewater.

T-P and T-Fe were 46.3 and 62.8 mg./L, respectively. For Fe** + H,0,—-OH + OH + Fe** (1)
HRT 3 to 6 days, the removal efficiency of T-P ranged
from a minimum of 74% (HRT 3 days, 12.1 mgP/L)to a " B 34
maximum of 84% (HRT 6 days, 7.5 mgP/L) and that of Fe™ +-OH—OH + Fe (2)
T-Fe ranged from 87% (HRT 3 days, 8.3 mgFe/L) to , N
94% (HRT 6 days, 3.9 mg Fe/L). In that case HRT 1 day, Fe’™ 4+ H,PO4> "—FePOy (s) + nH* 3)
Table 3 Removed T-P and T-Fe according to HRT
HRT T-P T-Fe

Removal Removed mass Removed molar mass Removal Removed mass Removed molar mass
day % mg mmol % mg mmol
3 74 34.2 1.1 87 54.5 1.0

77 355 1.1 90 56.6 1.0
6 84 38.8 1.3 94 58.9 1.1
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To test a hypothesis that T-Fe and T-P removals are
associated with precipitation between them, a mole-
based comparison was conducted. Table 3 reveals that
removed molar mass of T-Fe and T-P similarly matches
as 1 mmol although there must be other competing
reactions. This experimental result evidence that domi-
nant T-Fe and T-P removal mechanisms are precipita-
tion, which is favorable at slightly higher pH around
pH 8. The increase in pH of water by the cold plasma
application, which is consistent with previous research
(Magureanu et al. 2010), must have made the precipita-
tion favorable.

3.4 Bacteria Removal Efficiency

Total coliforms, E. coli O157: H7 and S. aureus, were
determined as CFU (Table 4). Except for HRT 1 day,
the CFU of both species were sharply declined more
than 99%. Even at HRT 1 day, the removal efficiency
was higher than 98.0%. This suggests that the cold
plasma effectively eliminates pathogens and total
coliforms. This powerful destruction of cell walls
and membranes were evidenced in Figure 5. Figure Sa
presents no damage and well-preserved healthy cell
walls. After the cold plasma treatment, however,
obvious damage to the morphology evidences deep
hurts in cell walls and cell membranes (Fig. 5b).
Leduc et al. (2009) indicates that reactive chemical
species created by the cold plasma may cause oxida-
tive degradation of lipids and deformation of lipid
layer, which may lead to deactivation of the cells.
The most probable reactive species are ‘OH, O3, O3,
0O, H,0,, and HO,, and their association with mem-
brane lipid peroxidation was evidenced by other lit-
erature (Alkawareek et al. 2014; Joshi et al. 2011).

CBNU CURF
EM Lab.

EHT = 6,00 kV
WD= 64mm

Signal A= SE2
Mag= 3000K X

Reference Mag = Out Dev.
Width = 10.00 um

CBNU CURF
EM Lab.

Fig.5 FE-SEM image of E. coli O157: H7. a Before cold plasma
treatment. b After cold plasma treatment

Figure 6 explains that cell surface deformation due to
continuous exposure to reactive oxygen species must
have led to cellular shrink, inactivation of protein en-
zymes, or damage to intracellular components
(Crittenden et al. 2012; Joshi et al. 2011). These results
demonstrate that the plasma-mediated inactivation of

Table 4 The table shows the reduction of £. coli O157: H7 and Staphylococcus aureus by 98.2 and 99.8%, respectively

HRT  Total coliform E. coli O157: H7 Staphylococcus aureus

(day)
Influent Effluent Removal Influent Effluent Removal Influent Effluent Removal
(CFU/mL) (CFU/mL) efficiency (%) (CFU/mL) (CFU/mL) efficiency (%) (CFU/mL) (CFU/mL) efficiency (%)

1 294,000 3405 98.8 230,000 4450 98.0 15,000 42 99.7

2 106,000 940 99.1 104,000 1460 98.5 16,250 31 99.8

3 287,500 2050 99.3 115,000 256 99.7 117,000 45 99.9

4 219,000 1830 99.2 141,300 210 99.8 70,600 23 99.9

6 285,000 235 99.9 236,000 5 99.9 115,000 31 99.9
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E.coli 0157:H7 (Original)

Surface roughness increase
and deformation enlargement

Total deformation of cell

Fig. 6 Bactericidal mechanism of reactive chemical species generated by cold plasma

microorganisms is particularly significant in the liquid
phase.

3.5 Ecotoxicity of Removal Efficiency

Figure 7 shows the TU values of influent and effluent.
High toxicity in influent (TU 13.8) suppressed to 0.7
(HRT 4 days) and 0.5 (HRT 6 days) by cold plasma
treatment. Proper residence time could guarantee suffi-
cient reduction of TU. In the case of HRT 1 day (TU 5.7)
and HRT 3 days (TU3.4), however, it was found that TU
reduction was not satisfactory to government guideline
(<TU 1) (Kim et al. 2017) which means that more than
HRT 4 days seems necessary to meet the standard.
Although pathogen reduction seems instantaneous,
TU reduction is different from the case. Previous studies
support that the toxicity is linked to COD (Ulson et al.
2010), which means that TU reduction is possible only
when organic pollutants were removed (Sponza and
Oztekin 2011). Therefore, without enough residence
time, TU may keep high since even the organic interme-
diates can affect interaction, adsorption, and metabolism

20 100
N Influent
3 Effluent )
—@— Removal efficiency L 80
9
)
r 60 _g
2
=
5}
L40 T
o
=
&
Efffuent| 2
. T standard
" T T p— 0
1 2 3 4 5 6 7

HRT (d)

Fig. 7 Steady-state influent TU, effluent TU, and TU removal
efficiency according to HRT
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inhibition due to the ingestion to Daphnia magna. These
results confirm that many organic substances contained
in SWW and their by-products before mineralized to CO,
can be the cause limiting the activity of Daphnia magna.

4 Conclusion

Based on the strong oxidizing power of cold plasma, it
was confirmed that maximum removal efficiency could
reach as high as 93% despite higher OLR. This study
clarified not only stripping but also SCR/SCO contribute
to T-N removal, which intensifies its removal perfor-
mance. Using the characteristics of SWW, we confirmed
that the precipitation of iron phosphate is the main re-
moval mechanism of T-P and T-Fe. FE-SEM result re-
vealed that the severe deformation of the cell surface,
which can be the cause of pathogen deactivation. Cold
plasma was found to be a very useful technique for TU
control if enough retention time is guaranteed. By remov-
ing the pathogens, organics, and inorganic pollutants at
the same time, cold plasma can viably contribute to
addressing numerous challenges of SWW treatment.
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