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Characteritics of Toluene and H,S Removal in a Biotrickling filters
with Plastic & Woodchip composite Media

Dong Won, YIM"? - Sung Ho, Kong**
'DC Chemical R&D Center
’Major in Chemical Engineering, Hanyang University

ABSTRACT

This study developed composition-plastic media with woodchips and plastic as main materials, and examined the
performance of media. Compared to the existing commercial media, the media had similar performance in removal
efficiency and microbes attaching characteristic, and was evaluated that they are distinguished from economic side.
Performance test of media was conducted to examine the removal capacity of toluene and hydrogen sulfide in a gas stream
by using a lab-scale biotrickling filter systems packed with them. At a volumetric loading of 1.5 m*hr with inlet
concentration 260 ppm and empty bed residence time (EBRT) 42s, the toluene removal efficiency was shown over 90%,
and the maximum elimination capacity of toluene in the biotrickling filter was 77g/m?+hr. Effective co-treatments of H,S
and Toluene were observed in the lab-scale biotrickling filters. The maximum elimination capacity of H,S was 100 g-S/

m? « hr. Up to 100 ppm, the concentration of H,S did not have an effect on toluene removal efficiency, but the removal
efficiency of toluene decreased with increasing inlet H,S concentration.

Key words : Biotrickling filters, Media, EBRT, Maximum elimination capacities, Co-treatment
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Biofilter FX= FY VOCsE A2lehe WHoZE &
7y, G S, 318 A 5] By Aol Ve
Hoh ZAFo|a 22} LAEES wiEsHA &= Aol
RO FZ AEZ(up to 1 g/m?), THEH(1000~50,000
m/h) 02 WAEE QAFVIE Aslsh=d| vile- 78
712 d#HKSorial et al, 1997). 1 biofilter
systeme THA] FYEHD F5 L pH 4o AL
Rom | Hrkso] 73K humidification) 2 ZEN 51
o] FAIR] ArhAAL] 9], 1998). FHtoll= oS
FHE Ak I5ke] biotrickling filtere] 370l HZ
Ha JAthEAZ 2], 2005, Cox and Deshusses, 2000).

Biofilter 39| Z¥FAQ1 52 ¥H&7] ol Exe
nBE RREA|S] S0 ofsie] FA] FERS W=t
A gAe] E4AR] o ® o vy, =2 UIF
A, =2 315 A, AL T, vIE 2 SOl
At vAE Tl Al wet ZA 7 VA FHE &
FEoh A= compost, peat, woodchips, soil®} £ 3
AR7IAFE FA oty EA|= plastic rings, open pore
foam, lava rock 53 2 B4 32 AR FAl0]
o 2% F 7P &35 GA57F ARSE ORI o]fd)
= YAPFEAARHGAC)E PIIEEA S} S HE fahHEel
$=2]58 (buffering treatment capacity)yS A|-&38l= =
2o g AMEE IRl ATHCox and Deshusses, 1999).

A F718A04e] FAE F=2 Ak 1330
biofilter= SX1E HA7} mlETRe] 1Mol $<slaL
HAEe] o= ke JYRre] WEE] o, %]
de =& a3= vepdt) e, A7rE 4 A Bal,
A, 23] 5o Ao E F8o] F43] BoARA H=
d], FYEe 29 Fspt A-RTE olelgt #FAl= v%
AXA Hr}.

B84 5o FAANFRE FE AMEShe biotrickling
filtere T2R1 biofilter?h= 2] ¥h&7UIFolA 8

= &3 (recycled aqueous phase)’} EAISC}. A
o] oM 8t s AEE B, pH,
IH oo FYFoE 2ETE F Qv wepA EEA
, S eadEe] A, Hpss 2ol Wk FAkE
2Hacidsys AAskE L97k=0] A2 A Bt g%
©F #87Fs3IHOh and Bartha, 1997; Mpanias and
Baltzis, 1998; Cox and Deshusses, 2000).

HZoll= gkt @AAE7T biotrickling filtersel] A 2
o)X 1 Qlck. At e aRAEES U8R e
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HAAT7E =L o), B A7t Eal vl
o] 4= sh= JUELS AHo= AU FHel 9
Tato] Fslof gt} EEky w@AlY] g, w2 3t
2 Qb8A, =& 714 (porosity)s S FFo] ot
(Kazenski and Kinney 2000), T|3EHe] A&} FAJo]
7] wjiZel startup 713te] AR 11 ©@o] ik
(Fortin and Deshusses, 1999; Kazenski and Kinney,
2000). %3, A2} TAle) - vistebgat Zwrt 94
sl A7IZE ARGolE WAT Wyo] glom, F H|EH
27 bgA FAE Alxsh)el] 8olgh Agxle] o, oy
A2 AFHZE v, AZEgnlgo] Eal AlxHol
7R EAIo] Ut

mebs] 2 AFexE ol EAIS S538h] Sl
of ZTR-EAF] woodchipe HIAEHE &E3 4=
ARPAA ol 71 ARES HAIg &8 & & U
AE AzstAct. 2HA A o] §848S HS3H]
el 71E eEA 284 EAMIal 2 lab-scale
biotrickling filters: ©]-83} 729t H,SE A dE
A= st} HoAASH AARES FrsIslth

2. M= 3 E

2.1. 5§ SaUAEA 0|METHS] B

B A= ZE~E3 WoodchipS FUEE 31
ABA-1(ABS ResinZll)?} PC-1(PP resinfl)e] & &7 &
AE Azt 7+ @49 d8x242 Table 13} 2T}
A7) TR F A#ke] WA (Azodicarbonamide)S ¥
I PEFTH s GHE A= Fig. 19
Alzd vAAEEA ARSI

2.2, AEHEA|

2 AdTe] SIS fg A5 Ad FA Y A==
Fig. 29} o] eIt ¥+87 = Polyacrylate A& W7
15 cm, =°] 180 cm)Z A|ZSFATE 17]5 syringe
pump=Z VOC 25 A £52 fYE + U=ES
SIaL, TR 17]= Gas 4] EEE FYo] 7FssiES
31Tt QU gast reactor ATHOZ FI5I] o
Z HIEEES 1o, air B gas?] A5 ©5F gas
flow meterol] F2FE needle valveol] 23l ZAF U}
HREE UFe] Fe7]Y 255 AT F A 7Y
lineell 7} BAE sllom, FUs7I= &, Oil 59 &
TES AASH] S8l &9 molecular sieves 714
W22 FYEES slG) rEe] o= sl JU



BT BE o)g

B} $RS FFela vk pHS 2] s, wks-
Z Y5 3 ofd Aol water spray nozzleS XS}
I pumpE FEEDEN] FaF FHE 5 A A
oh. FESE BhEE Uil mAES] B Ao E 88 A
aF = o st T upisl, B 3715 AMEs)
o] M= EAI F dEE
st AEAHE et ‘3_ “HQ} ST, 18ar

Table 1. Composition of two synthetic media

%5 ABS Polypropylene Wood chip Fly Ash Celite
ABA-1  50% - 45% 5% -
PC-1 - 40% 45% - 15%

Fig. 1. Photograph of woodchip-contained plastic media (ABA-1).

Table 2. Design and operation condition of biotrickling filter

3} Biotrickling filters®] Toluene®} 3}~ A|AEA 39

7150 sampling ports X811, $3) F WREE A}

aikel gas QYA 2T 5 WA S,

2.3 AEEHY

23.1. r:l—;q]g] §_9_/\-1 74.5_

£ A7olM Alxd FAe] 8848 ASS }7] %’4’3}01,

& 383} FAIeE FLxz0NM EEP—‘% A A
?45‘-5-" AYS FFsIA vl g "o‘%i‘r %‘Xﬂ‘f il
oA e AletAl B (Celite R-635, Bio-Catalyst
Carrier, Celite Corp., Lompoc, CA, USA)E A3t}
Celite R-635%= 3)9] biofilter ATAFS) 2Ja) wo] AR
Hx Jar, g GAol] HIs| <=3 Ao = Wy} uka gl

THUtgikar et al., 1991). TA12] E2]% SA4L vjeta}r)

Fig. 2. Schematic diagram of the experimental setup.

Apparatus |

Apparatus 11

Packing materials ABA-1, PC-1, R-635

PC-1

Bed height (volume)

100 cm (17.5 L)

Gas/liquid flow

cocurrent

Seed culture

Activated sludge from wastewater treatment plants

EBRT (sec.) 23-40

15-30

Target compound Toluene

H,S or/and Toluene

Toluene inlet concentration

variable, up to 1.5 g/m’

variable, up to 0.98 g/m’

H,S inlet concentration -

variable, up to 650 ppmv

Nutrient feed rate 6 L/day 20 L/day
pH 72-74 5.30-8.14
Biomass control Backwashing

Temperature 26 ~27°C ~30°C

*Nutrient composition micronutrients (per 1)

NaNO; (5.935g), NaH,PO, (0.2195g),

(NH,),CO (0.2775 g), Na,HPO, (1.27 g),
KH,PO, (0.136 g), Na,CO3 (8.5 g) (per L)
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fJsld 71EE
9220, Micrometrics, Norcross, GA, USA)E ©]-&3}¢]
A TR 2FFe] BRIk P54 ceramic BAI(R-
635 71394 B4E vuslgch. =3 YR RE 5
e 31o}sl7] 95l mAE BE A3 o] o4 3

S AA}&0)7d(SEM Hitachi S-450)0.2 #2353t} D‘xﬂ
o] Agass Wk A Ax 2A 233 718483t
HA(R-635)8 42t FX1510] Table 29] AEAA I}_Zj
of wt Fgsie] 74 AeasS vkt

ZA7](Mercury porosimeter, Autopore II

232 AA| ALFAE FZIgE Biotrickling filtere] /3
R S e g

ZFAQ biofilters®] 7A-FAH, th7]1ed AlolE 91k
biotrickling filter®] A5} M= AAEE, 95
ANAsE, FTEAFAIZHempty bed retention time,
EBRT)S &l aefsfeior gt & dArollx= A2
2 EEL VOCse} oEde] Radios E74l 8
slas A 0}93‘:} =74l D}Eﬂﬂ 2182 Table 29]
ARA] 1 S ARESE 2R HAIE A Fxlst
o FA Tﬁgo}‘ﬁoﬂ E‘r"“*]‘ g3lra A A
S _9_ PC-1 D]-;‘q]E' Z]o].o:] /\1641};(] 10 1740 A].%—g].%j\
AT AR AhsiEea TEskrAeda g
slrAEdelx] AFHS e ARERRoEH] 2-go] Bolst
st HE 3?-01]% A F=CF 20 ppmv) EF
ZE3 Ve v AdTe =, BH FAeaA =
nutrient &5 5'—%‘3}‘34 nES A3AIFT
A o EFAS AEske HFS-ZN= nitrate

= AAEA .I_T__.i 3}, micronutrient= 7|
ARSI} ¥PA| hydrogen sulfideE A2]8l= W=l
= Ao 2= QA4S AMESIYIC™, micronutrients
A AL 50%= AABAR FASA], TFHA &
At 1L, HS Akslel] wE pH S 918) buffer
=X, phosphate salt?} sodium carbonateE 7 A-8-3}

L8

e

)
oEL 5] mlm J}m

ZAe

of

a4

Aok A9l e AFLS oF 1089719 Fg7Rkte AW &
Y Target HsE 2 %aok HEATS AAeiant. v
7Y vdE F S WAE7] 918 Biomass
control WHOZ M| H(back washing) WS AE3IT
°F 60 Lo] =3} T7IE ARSI oF 158Xt AAlslSir

AAEE SHS A8l FYsEst AEsEs 545
Yok 1 L Tedar Bagoll X33} gas tight syringeS
/\FQ-’S}O:] GC-FID & FPD(PerkinElmer Autosystem GC)

A8l

-

3. Z3 & &

b=

3.1. 5§ S2{AEA 0|MEDHs} EXe| MsHIt
3.1.1 EEAL B2 54 2 V1€ 83 2A¢
XJE]E% H] 2
AellA AxE gAY} 71E 383t EAI(R-635)°]
i\:ﬂ;ﬂ EA4 =4 A= Table 30 YeRNATE =4 74
i G2(ABSAl, PPANE 71EEEIZE E-olEo] golt
Open cell type® & E2]% 542 79| FARISIH 7]
HAE FZ3 lab-scale biotrickling filterS FYZ=710]
Al B AEEE H7HETE Table 49 VERAICH
EF9 Y3} (loading rateyS 44 g/bed m? - hr, 100 g/
bed m® - hr Y Z704 H715k A3= Table 4, Fig.
37} Fig. 4o YERIQIT 28 EAI7F 95% ol =&
AAEES YEpi oM, 2T 24 259 AAE
9] Aol= A9 gle Ao Yttt E Aol =
AL FAE R-63500 Hls] HlFo] *Wdili S
o] Jom, AHEas 2 e FEA 52 Akt
At 7HAS AN = Alete] @A) u]o}o:] 1/3
I, R-635 7140l Bl 1/10 olsleldt). Wb,
2 A7) HHe 7€ FEskE Al EAEg AAE
& WAME ARt BAAS] S gt Zle=m
1=

Table 3. Physical characteristics of woodchip-contained plastic media and R-635

Woodchip/plastic media

Item

ABA-1 (A)

Dimension (Dia. x length)

Total pore volume (mL/g) 0.31~042
**Effective Pore Area (m%g) 0.046 ~ 0.06
Pore type Open cell
Apparent density (g/mL) 1.12~1.29
Bulk density (g/mL) 0.83

*R-635
PC-1 (B)
5 mm x 5~10 mm 6 mmx 0.5~10 mm

0.45~0.47 0.39-0.47

0.038 0.074 - 0.094
Open cell Open cell
1.27~1.30 1.54 ~ 1.63

0.81 0.96
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Table 4. Comparison of toluene removal efficiency in ABA-1 and R-635 packed in biotrickling filters

T Time" P.drop” C;Y Cou? Load” E.CY R.E(%)"
16 1 106 1.5 282 27.8 98.6 Ist bw
ABA-1
24 1 401 7.5 106.8 104.8 98.1 2nd bw
R635 16 2 107 1.7 28.5 28.0 98.4 Ist bw
24 1 391 13.6 104 100.4 96.5 2nd bw

1) Lapse time (hr) after backwashing
2) Pressure Drop (mmH,0)

3),4) Inlet/Outlet Concentration(ppmv)
5) Toluene Load (g/bed m® - hr)

6) Elimination capacity (g/bed m® - hr)
7) Removal efficiency (%)

100
90
80
70
60
50
40
30
20

Removal efficiency(%)

10

0 10 20 30 40 50 60

Lapse time(hr) after backwashing

Fig. 3. R.E (%) after backwashing (O ABA-1, @ R-635).

302 TAE RAEA 9 AR &1 F ALS A9

ki
HAlE AT 33 WellM pdESo] d&5HeR ¥

742=8] S-S S ¢ RS sk 2 HIRWE,
2 8 VIFES 7K AE Wl Aol nigt
25 A7RE s & 73 FAe B W) do
g g7t ok w2 AFellie A8 E rE Bl
o] A7IE 1S Tl X FAlelA AT 5 =
Ao el H w5 og F=9] 9l ol Bl
A, F8 9 7188 ¥ 59 4 HelE AR
7ZJ(SEM; Scanning Electron Microscope)s F3l ZA}
3l Fig. 5= AL EA S eSS F3sh] A
< Ao o ¢ W vAlTERE e AoEA
] o] A, vAgk thaido] Wol Efsial
o = HAEo] FABd At A4 S 7H
FAS AT Aol AFEIT. E3 Fig. 62 A7k
A F X mediadl] F2HE vAES AAS & A
Ar|Fos AFste] LRl TgoEA AV 4 &

Toluene concentration{ppmv)
Removal efficiency(%o)

0 10 20 30
Sequential date(day s)

—&— A Inlet Tol (ppmv)  —O— A Outlet Tol (ppmv)
—aA—BInlet Tol (ppmv)  —&—B Outlet Tol (ppmv)

—&— A Removal (%) —#— B Removal (%)

Fig. 4. Toluene removal efficiency of ABA-1 (A) and PC-1 (B)
media.

=
PRE 9 FolE 92 A rR AR B
of uR @Al BAle] Hal, GaEy S wsls 2
57h glo] Agelapxle] SHel AFE BA Alus
oJAIT},

3.2. XH7HY EMHE SXI5t Biotrickling filter2| Ms
S 2HQIX}; "It

3.2.1 2227 Wl mE 79 AASEEIZA 1)

ABA-1(ABSA] HA)S F38 kg7 AdlA 471
2S5 25 L/min(EBRT 42 sec)® LG A8l 2
A AAEEE COD:N ratioZ} 100:1~20: 12 24
slo] YISt FUTES WAF o STMAN B
Tl Fales WalAIZTh 12087 A4 234 AAE
S WRIY 2718871k 10853 <F 204 7HHC
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Fig. 5. SEM images of raw media and biofilm-attached media ((a) PC-1 media(raw), (b) Porous structure of ABA-1 raw media, (c) PC-1

media (biofilm-attached).

Fig. 6. SEM images of used media after long-term operation in biotrickling filter ((a), (b) ABS-1 media, (c) PC-1).

Table 5. Removal efficiency of toluene as a function of inlet concentration and nitrate concentration (Packing material was ABA-1)

Operation Tol Inlet Tol load rate Tol.degraded CODrq;, load rate

I()days) (ppmv) (g/bed m* - hr) (¢/m’ %ed.hr) (kg/bzd miday) ~ COP:N raeAve RE (%)
1~11 86 303 23.0 23 100: 1 76
12~23 86 304 27.9 23 100:2 92
24~35 84 29.5 28.5 22 100:5 96
36~41 154 54.2 40.3 4.1 100:2 74
42~50 161 56.6 44.9 43 100:5 79
51~56 159 55.9 53.7 4.2 100: 10 96
57~65 255 89.9 67.0 6.8 100:2 75
66~76 257 90.6 72.2 6.8 100:5 80
77~85 262 92.3 82.1 6.9 100: 10 89
86~120 100 35.6 32.8 2.7 100:5 92

o
Z Y

85, 160, 260 ppmvOE Z7}A)7)al TA]

100 ppmvE FYPEE] W3l we 74 A2as %
AAS B7FATE Table 5ol YERNITE 27] 4 &3

o], AAALSE The AAstgl

47) AR WEE B2

1) e YR

s

$ AAEEC] F7I=] 2EHAEC] T3] media B X
7] EFdlEEe] & A8k AR Vel Hi
FEZE 85-250 ppmvolld HFFoE 51049 o3}t
AR F HY AAEE) EEshs Aog HrlEL ¢
Ao E FYsEs S7MI7IH F5 S/ uet
QAAEE Edal=t o B2 H8A)K] 28Fe
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o= QMg EF AY&ESE S WA St T
oz ANz Wow kg AANTS 3319
EF4 FYEE 85 ppm(F-3lEF 27.4 ghbed m?® - hroll A
© 108 18] A=, FJE5=7}F 160 ppmEFstdF 51.7
glbed m* - hrelME 67800 13] Fo] GAZo] o
stk = FUEE 74 toluene FFF °F 7 kg/bed
m’ - hroll 13]2e] AAHo] FQFhs & = AT
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. Inlet concentration

[_-] A Outlet concentration
200 [

LI Removal efficiency

Toluene concemtration, ppmv
(]
L
=
i
=
Removal efficiency,%

0 20 40 60 80 100 120

Sequential date.day s

Fig. 7. Long-term performance of biofilter A with respect to
toluene removal at an EBRT of 42 sec.

Toluene concentration,
ppmy
Removal efficiency, %

Operation date, days

e Air Flow rate (L/min)
e 5t Tl (ppmv)
—L—Removal (%)

i inlet Tol (ppmy)
= Tol Loading Ratelg/M3 bed.hr)

Fig. 8. Toluene removal efficiency on effect of volumetric
loading.

Toluene loadS VAl FAskaL, & Wl w2
EBRTE 42, 30, 23 secZ WHA3I] A3st A7E Fig.
8ol JERITE. AAY o249 nitrated 823 ZS F
ok, AAst 72 dAHS & B¢ T
ol Zgiglo] Ui 90% o] A2l E8-8 4ds 5
ANOH, 53] 23 seco] gas A AREOE @] AR
@9l ¥E m® F oF 55 9 toluenes A ¥ F

A= A= e,

100 ~
0
— 8:) .
- Slope=1
E 7 R.E=100%
E
o
= &
(5]
3
[v] 50 "
o -
S
= -
k=
£ @’55
o
20 l""l u °
0] :
0 &

Load rate[gm hr ']

CODN ratio=1001 & COONratio=100:2 ¢  CODN ratio=100:5
x  CODN ratio=100:10 — - - COD:N ratio=100:2 COCEN ratio=100:10
— - - CODN ratio=100:5

Fig. 9. Toluene elimination capacity vs. load rate for inlet
concentration and Nitrate concentration.

3.22 FrPdELe] srsll e 74 AAEE

S 713Z700 4] A= biomass AT vOCY 2=
At 12} AAEAE Zegit) AFARAITHS liquid
phase®} biofilmUlFol|lA 2kl gt 4bA3) wjE
o biofilteration®l] 421+ TAIE FEE 4= o} Hrkx
F ArEEE gubFog QgARe] FeHTh IR
o}, e Abao] e 83w wjFo)| biotrickling filter
o] s biofilmHollX 0, SHitell SJaix AgE
JtH(Kirchner et al., 1992, 1996). Nitrate= 3733
A2 ZAG3AY Akt AlgkE o voce] 555 9
AGEA R 28 4= ). AR HB4EQ)
G20 ArAROF R OKNH3)} nitrate’} FE
AREETE Smith et al(1994)9] o] Aol JU=A
T AXAECE dEYoM] HAE IHdhs Avole
W87 Axkaprl doluk VOCHIAEES A2A71E A
o2 Yeldth wEhd, B¢ AALT = AR
O F nitrate?FS FFAS FAd oz ALE3IST

E74 79 Fele) kg Ao we] W] mE
(COD :ratio 100:1~100: 10) AAEE 2 HhAe)s 7}
A3}Z Fig. 99l VERAITE. Toluened} Z4-0]2-2] 3}k
S A A, Fad dhole w37 uE AlA
B8} bedd AARE F7FIE AES YT o=
Aol Adie] biofilmjolxe] Eibddo] toluene2] A
Aag 2 ) AAZS 23e 848U ARBRL Qi)

S

of o
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Table 6. Combined removal of H2S and Toluene in a neutral single-stage biotrickling filter

H,S H,S Toluene  Toluene H,S

H-S Toluene  Toluene

Days Inlet A A& Inlet Removal L(;ad Removal Load Removal pH UT Pdrop

om0 ppmy %9 @Mh) @SMh) @Mh) (@M (0 (mmitO)
1 114 97.2 17.9 51.7 3.59 3.49 16.19 8.38 4.56 25 3
3 103 97 213 98.7 3.24 3.14 19.23 18.99 7.3 25 4

36.5 99.9 48.4 62.4 11.46 11.46 4371 27.27 7.1 25 4
10 423 100 542 100 13.26 13.26 48.86 48.84 6.8 26 4
11 35.1 100 40.5 98.5 11.02 11.02 36.57 36.03 6.5 25 4
12 32,6 100 40 74.8 10.24 10.24 36.12 27 53 25 4
14 26.8 100 17.6 91.4 8.39 8.39 15.84 14.48 8.1 26 3
18 553 97.6 19.8 98.2 17.34 16.93 17.85 17.53 7.6 26 4
23 454 100 20.2 99 14.21 14.21 18.18 17.99 7.46 26 5
24 474 100 18.7 93.7 14.86 14.86 16.86 15.79 5.7 26 5
26 354 100 18.7 98.6 11.08 11.08 16.83 16.6 7 26 4
27 40.1 100 19.3 99.2 12.6 12.6 17.43 17.29 6.3 25 4
28 38.7 100 18.8 99.1 12.11 12.11 16.92 16.78 7.4 26 4
30 101.9 100 19.2 99.3 31.74 31.74 17.19 17.07 7.9 28 4
31 99.9 99.8 22 99 31.17 3111 19.73 19.54 7 27 4
32 949 100 214 88.8 29.32 29.32 19 16.87 53 30 4
33 90.5 100 22.8 98.8 28.24 28.23 20.45 20.2 7.8 27 4
35 100.7 96.4 21.5 86.5 31.11 30 19.09 16.51 7.3 30 3
36 170.5 91 19.6 84.7 532 48.4 17.58 14.9 7 27 3
37 203.5 99.8 193 66.4 63.07 62.97 17.2 1141 7.3 29 5
39 564.9 99.8 44.16 75.6 88.72 88.53 19.94 15.08 7.9 25 2
41 556.8 97.4 46.77 76.6 88.03 85.78 21.26 16.29 6.3 23 2
42 629.3 99.1 4721 824 99.16 98.25 21.39 17.62 6.7 24 2
44 621 99.7 46.57 55.1 98.19 97.89 21.17 11.67 7.2 23 2
45 632.6 99.5 45.13 38 100.36 99.83 20.58 7.82 7.1 22 2
46 616.8 99 423 57.9 97.19 96.22 19.16 11.1 7.1 24 2
47 607.8 98.1 53.8 57.5 96.75 9491 24.62 14.16 6.8 21 2
48 634.1 99.6 48.2 64.1 100.26 99.9 2191 14.04 73 23 2
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