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Abstract

Contract number: RDG4530009

Project: Research and Development of Microbial-Based BOD Sensors
Investigators:

1. Mr Werasak Surareungchai KMUTT

2. Mrs Pornpimol Sritongkham KMUTT

3. Ms Taweerat Vichitsoontornkul KMUTT

4. Ms Sansanaluk Rachchadawong KMUTT

5. Mr Smakon Baedyananda KMUTT

6. Mr Wachira Chaiyaworn KMUTT

Email address: werasak.surf@kmutt.ac.th
Duration of project: 30 months (Jan 1%, 2002- Jun 30", 2004), extended to Feb 28"
2005.

This research and development project relates to water quality analysis, and a
particularly to a method and to sensing probe for determining biochemical oxygen
demand (BOD) in aqueous liquids containing organic substances. The classical
determination method for BOD requires 3-5 days, thereby, making it unsuitable for
process control. The need for fast, portable and cost-effective methods for
environmental monitoring has stimulated the production of a variety of field
analytical tools such as biosensors. Biosensors are device that have several unique
features such as compact size, simple to use, one step reagentless analysis, low cost
and quick-real time results. A number of microbial BOD sensors have been developed
intemationally. The drawback is that they sometimes cannot be used for the local
application. This may be due to the different in sample domains, or lack of storage
stability caused by shipping and delivery from abroad.

In this project, local strains of microorganisms were screened and isolated from
sewage treatment plant and soil. Six strains of microorganisms were selected as they
performed the highest ability to utilize various organic substrates. To test the
assimilation capability in sensor aspect, each selected microorganism was
immobilized onto cellulose acetate membrane and the current response obtained from
substrate assimilation was recorded. Sensors with the different strains were
characterized in terms of linear range, sensitivity, detection time and operational
stability. Microbial sensors based on two strains of Bacillus sp. showed good sensor
characteristics. At 30°C, the sensors dynamic range was from 0.5 to 80 mg/I BOD
when a glucose/glutamic acid BOD standard solution was used. Typical response
times of the BOD sensors were in the range of 7-16 min. The sensors operational
lifetime of 60 continuously assays was obtained. The microbial-based sensors were
applied to untreated and treated wastewaters from canned fruits, vrewery and
beverages factory effluents. BOD values determined using these sensors correlated
with those determined by the conventional 5-day BOD determination method.

Keywords: microbial sensors, biosensors, BOD
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211 #siaduazoIMTIRB DD
InGolalalenaunaawa (sodium dihydrogen phosphate), lalmduslalassunomwe (gisodium
hydrogen phosphate), lsidpuluasa (sodium nitrate), RUNWBBNTHAN (magnesium sulphate),
TJusm@nunaalse (potassium chloride), uraBnunaa’lsé (calcium chioride), iafsadaiva (ferrous
sulphate) nsa lalasnnain (hydrochloric acid) 3NU3EM Merck, Wasauil

nsalulasdifin (nitrohumic acid), AwarTMin (gum arabic), la@puEnfiudaldiue (sodium
ligninsulfonate), NSAUNURN (tannic acid), lodsulanafinuududalmiue {sodium dodecylbenzene
sulfonate, LAS), Dadane (yeast extract), AathUaitaina (copper sulfate), F9ndaine (zinc sulfate),
wasmitagaina (manganese sulfate), n3AVESH (boric acid), Wavfilusenlod (molibdinum oxide)
mirlaasanFuntasciluiisuw  (Tris(hydroxymethyl) aminomethane), lmifipuszdiaa  (sodium
acetate)¥MUTEN Sigma Chemicals anigaiainn

hoangla (glucose), Winlaw (fructose), wealed (maltose), uanlaa (actose), uwmlua

(mannose), lalaa (xylose), Alava (sucrose), il (starch) MUTHN Merck, Lwpsiinil

nsangaIiin (glutamic acid), #iiaaza’in (phenylalanine), 125w (serine), IMndu (cysteine), a1331iu
{arginine), NIAWARWIAN (aspartic acid), WNaTu (glycine), FERAW (histidine), wnirlaiiu
(methionine), 1adu (lysine) 31nUZWN Merck, teasunil

nNIREATRN (succinic acld), NSATAIN (citric acid), NIARLEAN (acetic acid), NTRLANAN {lactic acid),

NIANNAR (malic acid) nYawasAa$iin (ascorbic acid) IMUTEN Merck, WaTU

WNBIUDa {methanol), Lavisiuas (ethanol), 2-lwimuaa {2-propanol}, fimnuea (butanol), nRUD

8398 (glycerol), ukuiinaa (mannitol), Tasines {sorbital) INUTBN Merck, \waT0UR
2.1.2 Tagasngagdnnid

. {5e;t;iutlna§1ﬂaa:*ﬁtmﬂ (cellulose acetate membrane) TH1A7 0.45 WlanuaT WHUHUAHENEW
1.18 Dafny U319 Sartorius, Germany

- u”fauu’u'[wﬁmmm:ﬂgaa'['ﬂan‘ﬁaﬁu (tetrafluorcethylene, PTFE) ww193 0.45 Tulaniuas (dueu
guﬁnma 1.3 Judiuas U3 Sartorius, Germany
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4. FUTINFIULWWIT INIRTEDDY s,
5. ANWIERIUNEWT TanTaTm3 Ss
6. duonlisulzia Sg
7. fuamnauiang S,
8. fuamusy S,
8. AuTuARDY Sy
10. duLFaun Sss
11, Aunthaunnnemanimuianmnadasig Sy
vinmnead Yawiadusing unolidsuld)
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13. uanthgneuukam@niui dunawiuds Samdaias S
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oligotrophic environment mm:ﬁuqﬁurﬁﬁﬂ‘s:mn oligotroph WAL facultative oligotroph 730 obligate
oligotroph  ua hitmunzaannsdadulavesnunfiFoRidnyaniuosdasy (free cell) AsUUNIT
ﬁﬂLﬁangﬁuﬁﬁmnaumﬁmdﬂ:ﬂama‘lﬁ’qaun%'dﬁw%tg‘ld’uumwwﬁﬁmsmmwﬁ'\ 28] iuew
uUﬂﬁl.?Uihu'lhrl‘.jﬁwuluﬁu‘iﬁuriniju Bacillus sp., Pseudomonas sp. Actinomycete U8t

Agrobactsrium sp. \Tuaw

iy

\LFpta R anue 8 Sratnadad
1. Tnaawmandluzluz I Smdaaynmnlmns (390 activated sludge) W,
2. Tnrmandlusluzlds Yanfeaynaisnims (mnvsanaznau) W,
3. Tsswineiing ondaUnumil W,
a. Tnsowadngy Sandaunumi (390 activated sludge) - W,
5. Tssuadagy SamdaLnumil (1indaanaznow) W
6. lsamualugy Sandanamil @nihilseuaan) W,
7. T5auunBaunTIv (31N activated sludge) W,
8. lsssundmannu (nUavinaznau) W,

- v o e a e PR ) Y )
dnFodsenoudapmsaimimeduniduazatiunid PHunwnwioResunulaipraiulssni s
- o - - e ¥ ' - o - - ' -
TUAVANIANAY RTANTTLIUNTTHRA BIyIT AT Iuﬂ'\tﬁuuma:ﬁuﬂwﬁuﬂua:ﬁi’lquaumﬁumnma YWy
fulngfldurofiunitngn Bacilus, Micrococcus, Pseudomonas, Enteric bacteria Waz Clostridium
Y e w - M R - |4 v ] - .
Hudu "Inn@'l'?E)LI']J']‘.I"I\JQH'\J:IMu‘ﬂ?"lﬁ?ﬂﬂ']ﬂlﬂBUT’IJ'HIJﬂ‘lﬂT]ﬂT:U'UU'\]Jﬂﬂ']ﬂl.lﬂ"lf.l'c'la'm']ﬁﬂﬂ'lﬂ
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auanennlruaTasauRasna sl dnmueiuniddulngmaiiungu aerobic bactera fi

WigusrdetamuEIsmIsEn glwbifosiniialaa

2.2.2 midoupnadiunid
- -l
2.2.2.1 yrnnyasyRuniennauon
' - - atad — i v L [V YIS o g [ v - - . (Y
ngmfuniinezfauonfsldaniiagduidimivianzAinailadd 4 nguldur
1} Pseudornonas sp.
2) Bacilfus sp.
3) Enteric bacteria

4) yeast uat acid tolerant bacteria

3dunid 4 naju*ﬁ"nﬁuwu‘lﬁ‘lumumﬁua:ﬂmﬁuﬁﬂﬂ uazTisnuitmurrodanllunsiemn
F ) L2 .l ) - At L " -l [l :
DuiilefiammaiidadrofiUssinEmn msdauonldituas Holt ksy Krieg S9Toazidsanaliis

1} NN Peudomonas sp.

J = J- »

899N Peudomonas sp. awninlFemsnd atailuunasulanou  uazldindavesnia
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sodium succinate, KNC,, K,HPQ,, MgsS0,, CaCl, uaz FeS0O, manmsniianiadinia udrbudu
- & Fy w uda - ~ a - -t
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2) nau Baciflus sp.

-l ot 4 J L s o + L B - '
suaBGunguiiemnTosdig endospore uazldasanisldnd1aniere msdanendsvilauls
audanmmunnuiousaausiionainalad lesldnruiouiannil 80 asroadur (Ha

- . . . . - oad a
uanuUAMLSENgN mesophilic spore forming BBNAN vegetative cell uuafIaNuMIIReY

g L - b - -l b A -l W
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TURBULDINTIRAUUNYBUNTENRY Bacilius sp. IFwanmzisdufia Widrngnduniabufoanly
u - = Fy - - -

ANTIUN 80 ﬂﬂﬂ']l'ﬂﬂl'iﬂﬁ PRI URLILUDIITUDLS nuirient agar Y1 30 py@waityN

L oA v oA P e ’ w
w24 Tl udRwaianlalafinldinsusuandiisanitniu

3) N8 Enteric bacteria

- J“ L - e H
wuATITEUTsANHUN T RTIALUL  chemoorganofroph  BIMHIDATIINTAIINNITRATINAR
P | > o~ a 3 . oo,
nglos miluloasasiindn g uazuasnaeedla nsdaiSenly selective medium lefuri violet red
A -l - & - -
bile agar aasfUsznavvey bile salt usx crystal violet PilAmEuIAlUNITTULINTRIT AL Le
-l ol LJ ) ) L [l - -l J e
VOILUATITIURTNLINLS uaell meathyl red \Dududniass rlWransoutsgiunidnedgon
- . s a oo 1Y P Voo 3
owsvfiafiiy 2 ngufe nnfilsTgunemsudiinlaifdy duningy lactose fermentation

aulaledilafio non lactose fermentation

) - x
4) paubad

- ™ " - - -~ PR ' -
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wwaad InmiAnnidauwsnngubaduarmdnamnsenteriia Sabouraud dextrose agar
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F 4 P - ™ - - e & A dm
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1) Arificiai wastewater agar

ry & P o v - R I . -
pIwIas Il il aA Iz noURAINIMATY  IRDRULLLUKLRDTIKIUMTINYALAS adnlTznauune
artificial  wastewater |9uf nitrohumic  acid {2000 mg/L), gum arabic (2000 mg/L), sodium
ligninsulfonate (2000 mg/L), tannic acid (2000 mg/L), sodium dodecylbenzena sulfonate (2000 mg/L),
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sedium nitrate (2200 mg/L), sodium dihydrogenphosphate {200 mg/l), disodium hydrogenphosphate
(300 mg/L}), magnesium sulfate (200 mg/L), potassium chioride (40 mgiL), ferrous suifate (1 mg/L},
calcium chloride (20 mgfl), yeast extract {20 mg/L), molibdinum oxide (10 pgiL), copper sulfate (5
uafL), boric acid (10 pg/L), manganese suifate ({10 pgfL), zinc sulfate (7 pg/L), agar {1500 mg/L)

2) DIMITWTIINVNEIINTNG {river-water agar)

-l L bl 1] by L Jﬂ . r - ~ B 1] - a N - 1]
wisalaglfibhnwikhawszffiadleAvsanm 3.5 Ssfinfudaias yndiujulinm 15 nivde
B}

e N . & v o= ' .
3) 2IWNIRUATIEN nutrent medium lenifatnsaminRpaTesndnTiaan 10 taz 1001

- - L ]
22.3.2 mwarsuprmmwsovevsiunisnsauunlalunslimsominsamang  (secondary
screening)
[ A U v u - - e
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e lolaa .
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uily

2) niaozdlu 10 viie tdun
n3angeniin
Alisazaniiu
uaa-l1Tu
woR-TaiNndu
NIPUAFWIAN
Tnadu
waa-dafifu
wnislafiu
uoa-ladu

3) niedunsd 5 vha loun
NIAINTRN
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4) uwaanowad 7 vie leun
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Fasines
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1) mmqaumﬁnnmaan'lummnauuﬁvamuqtu.v.quua:ﬂ'nm%mu'naamsmmnmm:
- o ' - - - " - )
an  nTanwdsRusTn s ygidulavesthuridivsnian  ienTznzm itz
" - - - - | i —a
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Unidentified bacteria 12
Enteric bacteria 11 '
Baciflus sp. 24
Pseudomonas sp. 9
Yeast 4
Acid tolerant bacteria 4
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anwnaslalafiuue i Nutrient agar ANWOITRALREMTODUAGT
Isolate Source
Margin Elevation Opacity Pigment Gram stain |  Morphology
Unidentifiedbacteria
UN, rough umbonate opaque white negative COCCI 81
UN; rough dome translucent white negative rod w3
UN, smooth raised opaque yellow positive cocci 82
UN, smooth dome opaque white negative cocei w4
UNg smooth dome opaque pale red positive rod wa
UNg filamentous flat opaque yellow positive rod w7
UN, smooth dome translucent white negative rod W5
UNg smooth umbillicate | opaque dark yellow positive leng rod 53
UN,g smooth dome translucent yellow positive short rod R1
UN,, ercse raised opaque white positive coccl 516
UN,, smooth convex translucent white positive short rod 513
UN,, erose raised ocpaque white positive cocci 513
Enteric bacteria
E, smooth dome transiucent white negative rod w3
E, smoocth dome translucent white nagative rod W3
E, smooth dome opaque white negative short rod W3
E, smooth CoOnvex opaque white negative short rod S14
Es smooth convex cpaque white negative long rod 514
Eg smooth convex opaque white negative short rod $14
E, smooth convex opague white ) negative short rod 514
E, smooﬁa umbronate | opaque pale red negative short rod 816
Ey smoath pulvinate | translucent white negative short rod 516
Eio smooth pulvinate | translucent white negative short rod 512
Eyy smooth pulvinate | translucent white negative short rod 313
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anwoeialafiukanwiy Nutent agar

AnmuTaduRcmMItaNdan

Isolate Source
Margin Elevation Opacity Pigment Gram stain Morphology
Bacillus sp.
B, smooth dome opaque white positive large rod W3
B, rough umbillicate | translucent white positive rod W7
B, smooth flat opagque | dark yellow paositive small rod w7
B, rough dome opaque white positive rod W4
Bs filamentous dome opaqgue yellow - positive long rod 54
By smooth umbiliicate {  opaque yellow positive rod 34
B, smooth dome opaque white positive long rod 51
Bg rough flat opaque yellow positive rod W8
B, smooth dome opaque white positive long rod 89
Bio erose umbronate | opaque white positive leng rod S11
B;, smooth umbronate | opaque white positive long rod S11
B> erose raised opague white positive long rod 811
B, smooth convex opague white positive long rod 514
Bis smooth pulvinate | translucent white positive medium rod 514
B, smooth | umbronate | opagque white positive short rod S$18
Bs ~ smooth convex opague white positive rod 516
Bsr erose raised opaque white positive long red 516
Bis smooth convex opague white negative tong rod 516
By erose raised opaque white positive short rod 5156
B smooth convex opaque white positive tong rod 512
By smooth convex | translucent white positive short rod 512
B,y smooth convex opaque white positive medium rod 512
By smooth convex | transtucent white positive short rod 8§13
= erdse raised opaque white positive long rod S13
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snuwoizlalafiuua s Nutient agar

ANBUSLTEAUAI NI URAF

ol

Isolate Source
Margin Elevation Opacity Pigment Gram stain Morphoiogy
Pseudomo

nas sp.
P, smoath dome | translucent white negative short rod w3
P, smooth dome | translucent white negative rod (oval) w8
Py smooth dome | translucent white negative rod 52
P, smooth pulvinate [ translucent white negative medium rod 514
Ps undulate raised | translucent white negative short rod 514
Pe smooth pulvinate | translucent white negative rod 316
P; smoath convex opague white negative short rod 515
Py smooth convex | translucent white negative short rod St2
P, smoaoth pulvinate | translucent white negative rod {oval} 513

Yeast
Y irregular  |dull surface| opaque white ND oval W7
Y, rough dull surface| opague white ND oval wa
Yy smooth convex | translucent white ND oval 515
Y, smooth pulvinate opaque white ND oval 513
Acid

tolerant

bacteria
AB, smooth umbillicate | opaque white positive rod w7
AB, rough dull surface| opaque white positive rod W7
AB, smooth convex opague white negative rod S18
AB, smooth pubvinate opague white negative coccl S92

ND = Not Determined
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G'l'nf’uriaun'nﬁnmnﬁumﬁuuﬂf:ﬁﬂﬁmwmaaqﬁun‘%ﬁmia:'lalman sdfosfinsinmfalSuronsad
mm:awaoq§uﬂ‘ﬁ'ﬁueia:-nﬁmﬁa:m‘iouumumm Taslgaruaunsnlumssauauasdamsazansilod
WEITW  wazszpznan lunsAauaussdamTamsaInsduwmiaefiRawsui finuuazdaiian
ﬂ'%mmmaﬁmm:auﬁiqﬂzhmi'uusia:‘lalsmn

vua{éuﬂ?ﬁa:gmﬁuLﬁm'lw&*:aﬂﬂ'w-::u:m?ryumm"’igm (late of log phase) WREHIVUUINMLTUTHA
waglasazdiom (IEnseiuveustsnauiriaaiuniidaninde 2.24) nivanusznauiaingdunid
m\aaumwauaum'uaaﬁ'ﬁﬂﬁﬁi.f*‘smmwjaqﬁw%'ﬂwﬁw 5 x 10° 11 5 x 10° Talafidaammaaudivns
gasunutu lasfundalussssaosmnatmived fes 7.0 anadviu 0.1 Tum§alamaan

2 - [ -
a7 ﬂ']Uf}qu“qumaﬂ?:ﬂujﬂﬂ 30 g TaUR

mnmmmaamnﬁwﬁLﬁmﬁmﬁmmwmjuﬂ?ﬁ AnTuafundy (background cument) ITEART MOl
Lﬁaommﬁmnwﬁaﬁnﬁm‘fm:ﬁ’mmwmmws’dnwmaané‘smmmmsa:muejﬁmﬁwmﬁﬁ’ﬂ nseuy
Jandu (reductive current) MANIINIGASu IdnIRssesndauiimittasiaiasefisnd Fawans
nasasreandosiumauilasialy uenvnBinamasfisziusdonizuaiWiusszozmaATauss vue
posgaviunidudazsiovcbinsluhueadvaiuguiu (ventimesssuaadlugii.1-4.6 naxwIn)

od a & all - a A o a ~
mssuEfmAedu (1) wusrstpzanlElumamesss  SneFudisannsEinimwdunsldesewisuas
- - - z -f) A ] - L iy -~ - - L L . -Ju
Vinmpasnpunidsioungdunin nimfadedunddliveininmwlunmsidesamsldd nszuanda
L2 -ty . -l o A - - - &el - - L .| - o
e fiandn 'luann-smwuamfgaummuﬂs:ammw’lun'ﬁ'{-nmsmmsga wadiBurmeataomAuly nyzus
o o v o . y = I " w —— . ~ ’
Ataldaciidduiwdsiiu (msesuasaanian) uszlfiraluniTiauuy steady state feuthauu &
v - - e a A [ (i A A -~ v
mlgfunitidussintnmlumsldamsamilda LD TN IR NATIL WU TUR AT
L k) s A L [ ] .' . s [}
wouguiu  lasnndaTnTuwsianuoiaandiaudn  (usanaifiamriarnintsuwsinyiin s
i - - - - - - r - 4
mnmmnmmmmnqﬂﬂ?mmwanLv.m:mmaeqaumuuma:-um‘lmmmﬂm 34  graauldic
J Lo - o 1 - - » L -
ﬁ%mmwnnﬂmaanawu'lm.ﬁmmi}aumﬁﬁ'lmammaumm'lmqoqa s ivuInMmeaaIinTs
‘ - a e y e ' - " '
ABURKBIFIAN Lm'lwm:mmn'mmﬁh‘r‘lumnm:gammwnu Faaz iwanzguwnlFenazaana

- ol = - R P . o
TunisiausunmiiladanaiagasPdasnmsaiuasanuas 7o



23

ot o -
A7 3.4 ﬂ?mnwmamv.m:au'lumm?owaqaun?ﬁ

Cell loading Background i i Time
2
Cfu/cm (nA) (nA) (minutes)

Unidentified bacteria UN,, 1x10° 40.625 29.75 33.05
Unidentifled bacteria UN,, 1x10" 34 32 2125
Bacillus sp.B, 1x10’ 27.83 26.83 12,42
Pseudomonas sp.P, 1x10° 40.3 15.5 15.83
Enteric bacteria E, 5x10° 23.25 22.25 10.62
Yeast Y, 5x10° 17.25 155 6.56
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. . I -~ PR -
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[ Ao T w . -
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3% BODs
BOD sensor % ATIVURNHT
A6 % sample | BOD {mg/L) | +SD | BODS {mgil)

Tsomnamint 1

yasminio 10.0 517.2 14.0 809.0 56.5
40 527.9 23.0 53.2
20 520.3 53.0 556

Yardnamea A 10.0 560.0 717 916.0 636
40 543.2 13.3 68.7
2.0 596.8 459 53.4

Ust@nane B 10.0 563.1 10.6 923.0 63.9
40 512.6 13.3 799
2.0 596.8 459 54.6

Yaldinema B (afafl 2) 2.0 13160 | 530 2337.0 77.6

lnonndedsd 2

Yaruiludy 100.0 140.8 10.6 290.0 105.7

Tsonuainan

drnmisuda 5 1) 0.5 101604 | 2120 |  19750.0 94.4

danmsnie (el 2) 1.0 41009 {1060 98400 _ 139.9

Tsssmualdnsatlas 1

dhanmsude 10.0 584.7 14.0 2125.0 263.2

diaduaima 10.0 162.2 10.6 580.0 258.0

nvatavsssiia 100.0 23.0 23.0 87.0 278.3

Tsosmualsinseilos 2

dhnnmndae (i 1) 4.0 19084 | 6795| 34630 73.3
2.0 10895 | 743 217.9

dreinmnda (A% 2) 4.0 12457 | 1855| 29500 136.8
2.0 16220 | 530 81.9

vdvatduame (a3 1) 10.0 82.6 9.2 122.0 47.0

‘ 4.0 91.8 32.6

dvsidnanma (957 2) 10.0 193.4 9.2 340.0 75.8

40 208.1 231 63.4
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BOD sensor % AMUUANAT
I8N % sample | BOD (mg/L) | £SD | BODS({mgiL)
Trsomiaisednisniiod)
dnnmsude 10.0 4162 (106 22800 448.1
4.0 474.3 26.5 381.0
anyadsaime 100.0 10.4 1.1 51.0 410
Tasomsrindaas
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P - 1 = o - . . .
AN 1.2 Nﬂn’\ﬂmﬂ:ﬁﬂ'\u{aﬂﬂaamsa:muuTaﬂmmj’m {glucose-glutamic acid standard solution
GGA solution) #183TNasT M APHA-BOD M sulfivuiuwr isaRunid

fad BOD; (mgiL) BODgensor (ML)
\'GGA ARty 20 mg/L 192 251
GGA aMuindw 40 mg/t 38.4 444
GGA a2 AUTU 60 mg/L 54.4 59.3
GGA aUITLTY 80 mg/L 76 76.8
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Std. Std. Error
Mean N Deviation Mean '
Pair1 BODS 4980.7143 7315.8120 | 2765.1170
BODS 2480.5814 3643.1213 | 1376.9704
Paired Samples Correlations
N Caorrelation Sig.
Pair 1 BODS &
BODS 7 .995 .000
Paired Samples Test
Paired Differences
aired |
95% Confidence
Std. Std. Error  LInterval of the Difference Sig.
Meart Deviation Mean Lower Upper t df {2-talted
Pair 1 BODS -
BODS 2500.1329 |3709.1296 |1401.9192 | -930.2399 |5930.5056 1.783 6 125
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Aiszawmindatyf 0.05 nia o = 0.05

P IAIMao U sunsy SPSS usIR1THNeN P a;ﬂ'ld’:i'\ P=0.125> . = 0.05
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| Std. Std. Error
Mean N Deviation Mean
Pair1  BODS 558.5000 6 | 8724608 | 356.1806
BODS 142.7833 6 | 171.91863 70.1845
Paired Samples Correlations
N Correlation Sig.
Pair 1 BODS &
BODS & .957 003
Paired Samples Test
Paired Differences
95% Confidence
Std. Std. Error  [Intecval of the Difference Sig.
‘ Mean Deviation Mean Lower Upper t df (2-tailed)
Pair 1 gggg' 4157167 | 7087200 | 280.7464 |-320.1002 | 11605335 1.435 211
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sOanlinagauna Paired-Sample t-test
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