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SUMMARY

This study investigated the degradation of organic contaminants in a
synthetic wastewater by using dielectric barrier discharge (DBD)
plasma. When electrical discharge occurs, the DBD reactor produces
oxidative species like ozone and emits ultraviolet (UV) light. The DBD
reactor of this study consisted of a quartz dielectric tube and a coaxial
copper rod (or water—filled glass tube), which was submerged in the
wastewater. High voltage was connected to the copper rod (discharging
electrode) while the wastewater was grounded. In this configuration, the
wastewater acting as the ground electrode was in a direct contact with
the outer surface of the quartz tube. The UV light produced in the DBD
reactor was able to irradiate the wastewater since the quartz tube was
transparent to it. Before carrying out the degradation of the organic
contaminants, the characteristics of the DBD reactor in terms of the UV
emission and ozone production were investigated with such variables as
electrode material (water or metal) and discharge power. For the
purpose of efficiently wusing the UV light for the degradation, a
photocatalyst (aluminum meshes coated with titanium oxide) was
employed. The chemically active species (mostly ozone) produced in the
DBD reactor were well distributed in the wastewater using a porous gas
diffuser to increase the gas—liquid contact area. It was found that the
water—filled glass tube (aqueous electrode) was more energy—efficient
for the production of ozone, probably because the contact between the
aqueous electrode and the dielectric surface was so perfect that the loss
of the electrical energy could be minimized. Another reason that may
explain this result is the difference in the mode of discharge. The

electrical discharge with the aqueous electrode occurred in a glow mode
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while that with copper electrode formed a number of plasma filaments.
It is believed that evenly distributing the energy over the discharge
volume 1s more desirable than concentrating it into the plasma filaments.
The synthetic wastewater for evaluating the performance of the present
DBD system was formed with distilled water and azo dyes such as
Amaranth and Acid Red 4. The experimental parameters chosen were
the concentration of the electrolyte in the aqueous electrode, the voltage
applied to the DBD reactor, the initial pH of the wastewater, and the
concentration of hydrogen peroxide added to the wastewater. The
results have clearly shown that the present system capable of degrading
organic contaminants in two ways (DBD—induced photocatalysis and

ozonation) may be a promising wastewater treatment technology.
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TEAstgdold edEde At fleiA *E, ksl Ze AbskA
gl FE (Ti02), A2A (UV) & =ste] 2 AstAlnd g4 Akstgo] &
3 OH#tHZ o= AAAA =4S Agste 7lsoldt (EPA, Hand-
book, 1998).

TFArst T Yol eEAE Y (Zhang &, 2004; Konsowa , 2003;
Neamtu &, 2004; Wen ¢} Jiang, 2001)3 <2&/H.0. (Glaze 2 Kang,
1989), UV/Hz02 (Behnajady -5, 2004; Daneshvar &, 2004;
Muruganandham 2}Swaminathan, 2004), UV/TiOs (Chang &, 2004),
UV/H205/TiO, (Ha 2k Cho, 2003)5°] 3lth. °l59 s&d2 A FU A
A ZHE Agads Z|ds7| Btk ShEds A9 Abstee] ZFsk OHe
Hgel g A a3E Y|tehe Aol (Kang &, 2005). AgAshs 4
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QEL AA Aol EAEE EF Foll AbgE (d9Ak 2.07V) o] At gt
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ZEA A Qlek o) A (1) ¥ o] AAAAAE WEEE

Fleteh. shAIRE @ &2 EQbst EAEAN AHAdo] glve wis 7HA I Sl
LT RIE ARl AxE7] FelA oF 12413 Weloltt (Lime ,2001).
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sttt (Wen 9F Jiang, 2001; Glaze and Kang, 1989; Lukes &, 2004).
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A A HEA  (dielectric barrier discharge, DBD) ( Lee 5, 2000; Chung %
2004; Lee &, 1999)% o2 714 ¥Heol vt & A7l i= DBDuE7|E
Abgste] oS At AT (DBD) > 1A 7AW He dF
o7A ELAT|Y ol&HE AL EH=v JleE 2 dHA A (
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NO + O3 — NO; + O (9
NO; + 03 — NO3 + Oq (10)
21 (6), (M2 d71 stellA] e<Eo] AFARE s s = vbgolth 24 (7), (9),
(10)+= HAH+= o] &Xof ZatAl oEsto] whgo] dojdth
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Aks=1.2x10 Pexp (=2 450/ T)em?/solth.
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2.2. DBDHIZS7[2] XIIMUMEM

3719 ddga= 254" (20T, 171D oA A7 4-¢ 30kV/em, ILF
o] A 21.1kV/cmol A dojutt}. 7% B2} (excited molecule) T+ =}
o] UAIES7E wobd w e dAkel oj2o] A & uf Aol THA
Fdo] o=k WEE e Hd T BEEHE g2 FEUo] iR Jo9 x|t

sloz WaEws ddeldta & F vk ALY Ars ey ALE
Cl

A5 7F ARkl FEe] o8 N, (Xlzg Yol N, (C°T,) 2 Bl &4
o Ax7t WARACIN, (C°I,—B°l,)E ad 3p4o] 337.1nm$ 357.7nm¢l
FAE HEANA Bt 18.7eVelde U E 7 AAELS Aiole Ny
B*2DE A7, Aol N, (B, —X°2,)& 34 391.4
nm?| FAE W& (Mok 5, 2006).
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of dojdtt. webx DBDRESZIIM = vheFdt s kel wrav a7t o
ok v DBDRESZ|O 715 SHAIZle W Aol o7 AL AEgE R
oF BRAIES HERA Zlof

No(X'3.")v=0 = N2(C°I) =0 (337.1nm) (11)
N2 (C* T Wv=0 — No(B’M =1 (357.7nm) (12)
N (B* 3,5 — NP (X*X2,")  (391.4nm) (13)

337.1nm¥ 357.7nm?] W& oUAE YER™ 3.77% 3.5eV7F ©th Kim &
(2003)2 DBDRESZ]eA 337.1nm¢t 357.7nme| oA 73t zpe]xwE
Y3 E #FSoH 391.4nmelx] e a5 #FSTE 391.4nme H&
AR Z YeERH 3.2eV7F k. DBDYRS 7] A= 337.1nm ¥} 357.7nm2] Y
& ZsHA vebde 391.4nme] o] AAiAor  AA @AEI 275nm,
309nme] W& ofatr] HAE T (Zhang 5, 2006).

2.3. 1235123 (Advance oxidation processes)

A 5 AH FAT AFAZTE A
BgAANSe] o8] ANHOT B

]

H

© Argteo] Ak OHefHZ S o] &8 FAg a5 7Itets 2otk OHztY
F =

k!
B
o Ak dTIeS 197049 ol % vl=, FES A FEdeR <
e

AL agAksky el Adgsrh AlgtE A2 1980d ) FRbEE At A
Z]



Table 1. Oxidation potentials of common oxidants.

Species Oxidation potential (V)
Fluorine (F) 3.03
Hydroxyl radical (OH-) 2.80
Atomic oxygen (O 2.42
Ozone (0O3) 2.07
Hydrogen peroxide (H205») 1.78
Perhydroxyl radical (HO2) 1.70
Permanganate (MMnOy) 1.68
Chlorine dioxide (Cl10») 1.57
Hypochlorous acid (HCI10O) 1.49
Chlorine (Cl) 1.36

A= TFASETY  F  2LEAS, UV/TiO; 03/UV/H:0, &,
03/UV/TiO2/H20.8] @ Hv 543742 whgof thefr Lolr iz} st
ot o] A3} o] @ Fo] Hg o 9l& W HFH OH, H:08 ®E33hY
atslgl o] Zst OHE U ZS YHETh

O3 = O + Oy (14)
O + H0 — 20H (15)
305 + OH™ — 20H- + 40: (16)

&= HAE AT 2EF = Lukes 5 (2004) 9] 98k A (17) 3 7o)
Q3 UV/H027F & Wl «&3 o] A7 Ho0.7F M2 AE 288 ShaA
OHzIO Z-S A3ttt 2] (17) 9 HbgolA H4%2 OH 7F Swjgdeds 3

i

S
=
o9} Zo] eEREY Wrth FsGas} Gle W o FL ANE B 5 Uk

*

O3 +H:05 — OH- + HOs + O9 (17)



T (19999 d7UES ¥ Ao, HstrLE E507 ARESt]
ZIEe welld ARG UV/H0:87d0] o w2 #alads Uehdu. =354
oA Ee FIAEES Hole A A (18) ¥ Zo] Aoy Hatkslrirt A=
gh-g-ako] Absteo] ZFst OHefH 24 ¥/dst7] wlwoltt (Daneshvar 5, 2004;
Muruganandham ¢} Swaminathan, 2004). 21 (18) 3} o] whkg-o] A& 2o
doha ek kst s FRE S7MAAT S OHefH Zo] Frhako] Abst
o] Zrafjzjofsttt, AIRE Hakstr A v EE AEH R FIHAZITHAL AbglE o
e A= A2 ofyth UV/H:0:3 el A Atstrisirt A3
(Behnajady &, 2006; Schrank s, 2006).
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Fig. 12 #7129 Eall& A% AEFA ] MeFwolrt. & A9 AdFA =

=
QEI AL HE WAA7] 7] §st DBDHHSV] 9 wRHATF A, FHEST]

AHE = BARFOE 78 e 2o AESY. BAdS0E 25 AN Al
TRl Adds Ahls Wy =

Star Research, Corp., USA), 1.04F WA E] S AFE35Fo] %52 WHaHdE S
OAg AR A7 (TDS 3032, Tektr onix) 2 =743t Th
SRkg7] (gD = okad A dFINET] (WA
mm) % o] Fo] A1 DBDRHG 7oA B E &S F5ote] HEAAES b

3)7] gl 9FR-S7] sl Diffuser® A X511},
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Fig. 1. Schematic of the experimental apparatus.
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DBDRESY] WH2 So7hs 371 Axs7lE AHEstel dgsisial 719
<5+ 20E3CE FA8AH. HAAFOoE= Aluminum foil#} EAMHFE
ettt BAMS (AT = AFREe7 e A watolo EAsHAsEL A
= FAE g AT o R Hgrt YA ds et Al FAAd=T TS
AT 2 AgelM s ARSI A SE A SH5o2 s ¥
AA A

1
BRI

It

7)o AA ALE+= A7 Lissajous figure (charge—voltage plot) & 9]
f3lo] F43F3 ). Lissajous figure (charge—voltage plot) = DBDHE-E-7] 9]
THE AR 579 ouAE ot (Lim 5, 2001; Lee 5, 2000; Mok
5, 2006).

DBDREG 7oA AR E dge DBDWHE7]9 -+ AFAte] ] Astat 1Al
B g2 dAgs 545 #4E 7 Aok 1A E A Edds w3 #
< AstFel siget DBDYHS 7|9k 1 7HsiA B 7 A H = AdEgerz A
Aoz o] Aat#e DBDRES-7|S] ASAbolo] TR dspa: Zoh. Fig. 2

© DBDHFS7lel 7bEl Ak F Aol FHE dske] HHe @ o=

H At Fig. 3olA HFAPAYE ] W42 W/ 571 DBDRES 7] oA 2R H
A g Zom ARE ouAe FaFE ol WA dojxin. & A
oA 3k 60Hzl LA S AFESIEE i

At Fig. 39 7%= DBDREG7]OIA Ard wdxdego] 23W At

BAM == Amaranth ¢ Acid Red 4 (Sigma—Aldrich Corp.) & <5l
3|3t A 23 BAM 9 pHE 3AF (95%, Daejung Chemicals &
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Metals, Co., Ltd) T+ AW ESH (Tedia Company. Inc Fairfield, Ohio
45014 USA)< o]&3to] pH3~10.3% 912 WA #H59 F3= 500ml,
H¢o 25 20E3TCE FA383th

DBDRFE 7] oA A E &L &JFNke7] etftoll Qli= DiffuserEs &3to]
T Fo] A2BubbleFHZ FAMAZ Y. @& &3 =7 2] il &)
T &l &3] frlES Falske vhERET 71— EHeA fU]=

o] F& dojdtt. wetd eF AHE FolVIfsAE Y- EHAS A
aj =of o gt

DBDRES 7] oA e 2ol d (UV) A e HAbstrLE o] &3t sietgs=54
¥ (actinometry) el o 74 < Stk (Nicole 5, 1990). DBDREg-7] <A
AR ZoJe) Fre At wE Atstr Al TAE o] &ste] At
A AL AEE SAHsIT o] Ao AMEE HFASTAETEANS FFRT
34.5 wt%#Ak34 (Samchun Pure Chemicals Co.) & 3| A3sto] AME35FST).
Tabel Ao 275y 5.83mmol/LE YRSl A3 sklth. 183 DBDYHS
71l AR ZALHE f71ES] #Elel ol st flste] FEFul olilstE et
FOo® F & 21l g mesh (36 meshes, 150mmx80mm, Tioz, Co.) & ¥
FA qEg7Idel AAEIT frIERNEES gl UV/Visible &
AEZ ¥ EWE (Model UV-2500,Labo me— d,Inc., USA)E AHg3te] §7]

29 FEE S

o,
i,

olo
N
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Water Copper

Fig. 5. Photograph of the dielectric barrier discharge with the
water electrode and with the copper electrode (flow rate

of dry air:8L/min).

_18_



350

300
Discharge electrode

—@— Copper electrode
—O— W ater electrode

250

200

150

100

Ozone concentration (ppm)

50

0 5 10 15 20 25 30
Applied voltage (kV)

Fig. 6. Effect of applied voltage on the concentration of ozone

(flow rate of dry air:8L/min; ground electrode: Aluminum

foil).
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Fig. 7. Effect of discharge power on the concentration of ozone

(flow rate of dry air:8L/min; ground electrode: Water).
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Fig. 8. Effect of applied voltage on the concentration of ozone

(flow rate of dry air:8L/min; ground electrode: Water).
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Fig. 9. Effect of discharge power on the concentration of ozone

(flow rate of dry air:8L/min; discharge electrode: Water).
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Ozone concentration (ppm)

Fig. 10.
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Effect of the discharge power on the concentration of
ozone produced on the DBD at different flow rates of
dry air (discharge electrode: Copper; ground electrode:

Water).
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Fig. 11. Effect of the concentration of sodium chloride in the
aqueous electrolyte solution on the ozone concentration

(flow rate of dry air:8L/min; ground electrode: Water).
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4.2.1. RS AAdste] whg Aol A=l w3t

DBDHIE 79 el wE driAel AAGES S35 sAstel Ao
9l DBDHFS 7oA HHAE A AR EE b wEt 2

W= Fig. 19 DBD¥HS7] 4l 1 914
o FEASE BRAAL. A9

.
St BEA Gt UATRS A0S AR
2

I
rir
::]‘
2
o
N
b
i
4

ol

dH0,] . [H,0,]" (20)

Fig. 12014 H&= A3 o] d=el F7fe] wpe} kgko] F7kehtt. 1211 kit
o] Z7Fetd —d (02 /dte] #% F7FstAl ol d=o] 3.06Wd ® —d(H:0;
)/dtE 1.24699]1 ¥ Mol 1.62W W= 0.6296° % W3}ty

Fig. 13& 2] (21)& o] &3te] Algtel] g ikt isists e 7
T2 yebd g Zolt} Fig. 132 DBDHFS7|9 ALQAREES Adgyoz =
a7 st AgHo®E AFEE It 7S o] §3ste] DBDRES 7S] oy 3o
Aoves A9 AEE 352nmIEe] AL HFER (PPA R gabks ¢
ATt

_dH0,] , 1)
dt
P(W) =0.1415( — L%Qﬂ— +1000) (22)
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Fig. 12. Effect of the UV light power on the Hydrogen peroxide
decomposition (UV lamp, 352nm, Blacklight blue,

Sankyodenki, Japan).
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Fig. 13. Relation between the UV light power and the rate of

the hydrogen peroxide decomposition.
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Fig. 14. The intensity of the UV emitted from the DBD reactor
(equivalent to the 352 nm UV lamp) and the rate of
the hydrogen peroxide decomposition as a function of
discharge power (discharging electrode: Copper; ground

electrode: Water).
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4.2.2. HHAAH wpE zJMAFEe] W3}

Fig. 15+ DBDWFS7]19 HA A= Aluminum foil, A AT FA=E
AHEEAE W e g xejMe FRE 5% g Zoltt ¥/E A
HEEA A9 9 AeM ZE radiometers o]§314 1H
45tk Fig. 15014 2 Baxgo] S712545 #9xo 47t
S & 9k HEEge] WY wlE B 0.02mW/em®E R
At Addge] 16WY o F714%0] 6~12L/minolA 5~6.5mW/cm* 4 =9
AR EE JERAIL AA e Fri 97]dA o] 2] Fiho] &)
3715 7Hrol dald ZdHelA o] dojupd of7]dAt o] =9 Wky
oA AL H w7l Al sHA|vE = A3 A= DBDYFS 7] UF
Aoz Ve THF AAE AVIYA Y o]&o] WIS whA k)
ol 75 7RG o]ko] wAUIte vt el Aol e

37 oz melth (Mok 5, 2007).

o]FojA 1 Qlk. ¥ AFeA = Fig. 198 A&®E 7HA A WA

AEHE wehd dEAAH=E Y Zellel eEAEgo] M gddlon UV/
2
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Effect of the discharge power on the UV intensity at
different flow rates of dry air (discharge electrode:

Copper; ground electrode: Aluminum foil).
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4.3.1. Acid Red 4°] 3l

Acid Red 4%3A 34 += DBDRHS-7] (Fig. 1)9 #Ad=o] F+8]% (9mm
yolglal, A AL »57 20ppm<Q Acid Red 45 A HSGo)th Ao 7)E
Al 1L #H49 H3 500ml, 7% 8L/min (AXF7AHE), 37]&%

Colgith. AR pHE 343 Abgdte] 302 A,

rlr
o
O
-+
w
a

o OHEHYZS A8t 2 (23)3 #o] HO.9 Hbs-3te] OHtYZ& Ao
t} (Glaze and Kang, 1989; Lukes &, 2004). ¢ wWrgoA A" OHZHZ

o] F71&¢ Falle HFoIstr|E Skt
O3 + HO2 — OH- + 209 (23)

Fig. 16°14 ®@ Acid Red 45 &% A33S o 30.85kVe #AtolA
30 AP T AJ100%°l 77k Al ass Heltk 83 Aol 30.85kV
(14W), 28.65kV (11W) Y & KW HFeol= thi 2fol7h QIAIRE 2023
t A Aot 9l AS B 5 ok web HH 212 28.65kve #<¢t
& A7tekslE et 3 4 Sk

Fig. 17& 2712719 %% (Acid Red 4 %: 20ppm) 9F 2F£O0F 30%
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Fig. 16. Effect of the discharge power on the degradation

efficiency (flow rate of dry air:8L/min; initial pH:3.2).
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Ae)Fe] FFL2 nlwst 1¥olth Fig. 1791459 Acid Red 4% 508nmol

A Ade F4EE Jepdh A3 999 508nmellA Q] FHEARS ¥

T MEAZRE yEbdT 300nme] el FFETE A dEbbs 2

Acid Red 4ol 7 -A%= 7 o 1ej7b 5ol 7] "ol o5 «

—ATE AL S A SRR AAGYME & FHEE Y=
I =l

v, g7 o] r-dgEo]l 2dHY Addde FFE7

AHE® DBDRHEZ]S] UF-Z FYHE Z1AlE U7l F9 F7]olH
3718 FoARel A (F78%) etk wetA A (11), (12), (13)9 dio]
Aske] 337.1nmek 357.7nmypg el Ae]Ae]l FE {7 Zdd dod
Aoz dotdg, dwrxow F=uje 300~400nm3Fe] LA & ZA
EEE 2 AFoA AME-3 DBDHHS V] OM WEEHE A4S o]AtEE EHE

S 832 A Aksgol 73k OHENIZ 52 AA, dHadd /% f7185 &
A = Aok
UV/TiO29 Fawks2 23 7t} (Pekakis 5, 2006; Zhang 5, 2003).

TiO2 + hv > e + h' (24)
h" + H.0 - H" + OH- (25)
e+ 0y = 0y (26)
0.~ + H" - HO (27)

gtrh. Absteo] st setES #Hge dHE f1Es ddlehed AREETh
Fig. 182 DBDWHg-7]2] UV/TiOz (150mm X 80mm)vE-&-olA EjeFgo] 9l<
ek 9le WMo Acid Red 4%3la&s vwsh g zo|ty. DBDREg7] o 54
3 3719 FES 8L/min, A 28.65kVOIQIth # AFE UV/TiO23 74 <l
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Fig. 18. Comparison of the degradation efficiencies both only

UV and Visible/UV.
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A prieto & (2005) 3 o] HlFF avE dotr ] fst Aol =, %9
A Al ZpA Ao R e FHu7E Bd5lE =R Lot ] §gk Aol

B AP UV/TiO a3 dS Hd3S Adgs ueh Adshx] 4gks wE vl
atlth. A A HeFg oz 3 A3 (Prieto %, 2005) A9} npx7bA]
2 2 AYolME Fig. 1804 Hi= 3} o] gokd= w2 dart 13A &
& ARt FHEge] £S5 & 7 Utk olst e e MFHcRE B

Szt FYsE9ctn B 5 vk

—

4.3.1.3. UV/TiOz & NA H:0:552 F&

O
U&= ¥ =olt}. DBDHESZ]O FYEHE ¥719 F%F2 8L/min, WAL

&
0Q
—
©
=2
=
H
K
>
_El‘

2ol HAatslrAt 9ls W 1A $ 3599 =S &

a gl HolA AIRE HAbstFae] oFo] F7hghe] Wl Acid Red 49] #
Aol S7tekeE 2le & 5 UTh olek Zo] Acid Red 49 Ea&EE0] Eof
Ae AL 4 (18)9 &3 UV/TiOx s ol A% e, h'o]l 4 (28), (29)

3 o] THFBlEAS) whgakel st o] B BSE S WEY] ol

e~ + Hy0, - OH + OH- (28)
h" + H.0, — H" + HO» (29)

wreba] Babsleart A W UVeR Tiogel <&l o @& OHzZbtlZ, HO.zt
Hz & Atsteo] A4 stskgo]l AT, 28y B2 o kst aE A
Foba o @ Ak shekgo] AVl A2 ofyth dAtEks &

o WAkslpAaTE WEllEdo] ol @3]y FElaso] Wobxith ze] A7t
of welt HA IHistraEErl At (Behnajady 5, 2006; Muruga
nandham ¢} Swaminathan, 2004). & A& HZA 9 HAtstrid] T2
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Fig. 19. Effect of the hydrogen peroxide concentration on the
photocatalytic degradation (voltage applied:28.65kV
(11W)).
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56mmol/L°] %t}
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Fig. 220. Dependence of the photocatalytic degradation on the
voltage applied to the DBD (hydrogen peroxide conce
ntration:35.7mM).

_43_



Degradation efficiency (%)

Fig. 21.

100 ®

80 -
60
40 -
—@— UV/Ti0,l0,
20 ~ o,
—w— UV/TIO,
0 T T T g g
0 5 10 15 20 25 30 35

Reaction time (min)

Comparison of the degradation efficiencies between
UV/03/Ti02, only O3 and UV/TiO2 (hydrogen peroxide
concentration:37.5mM; voltage applied:28.65kV (11W
).
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Degradation efficiency (%)

Fig. 23.
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Effect of the flow rate of dry air fed to the DBD on
the degradation efficiency (hydrogen peroxide conce

ntration:37.5mM; voltage applied:28.65kV (11W)).
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4.3.2.Amaranth (Acid Red 27) &3]+
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o] 3.2% &t

rir
W
flo
oldt
o>
o
>
®
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7hsto] A E = @ETRS o] 83t 30 AHE o FHEE UEhd 1 o]
o} Fig. 25914 HY Amarantht= 522nmeolA FHoe S3E=E yepdth
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Fig. 24. Effect of the discharge power on the degradation eff
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Comparison of UV/Visible spectra before and after elec
trical Discharge treatment (initial pH:3.2; treatment
time:30min; discharge power :5.4W; Acid Red 27:25pp

m; only O3z ).
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Degradation efficiency (%)

Fig. 26.
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Effect of the concentration of sodium chloride in the
aqueous electrolyte solution on the degradation effici

ency.
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Fig. 27. Effect of the initial concentration of Acid Red 27 on

the degradation efficiency.
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4.3.2.4. O35 oA pHH3}] WE Amaranthi sl &3}

Fig. 282 43t &5 5o pHel WE Amaranth® a8 &S GolH 7]
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Fig. 28. Effect of the initial pH on the degradation efficiency.
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Fig. 29. Variations of the pH values with the elapsed time.
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Fig. 30. Effect of the concentration of hydrogen peroxide added

to the wastewater on the degradation efficiency.
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Degradation efficiency (%)

Fig. 31.
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4.3.2.6. 03/UV/TiO2& 87 03874 vl
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Degradation efficiency (%)

Fig. 32.
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Degradation efficiency (%)

Fig. 33.
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