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Abstract

The discharge of synthetic dyes, such as crystal violet (CV) and Methylene
blue(MB), into aquatic environments poses a severe environmental and public
health risk due to their high toxicity, resistance to biodegradation, and persistent
color, which impedes light transmission and disrupts aquatic life. Among
emerging remediation strategies, adsorption using advanced carbon-based
materials offers a comprehensive solution to this critical problem. In this study,
graphene oxide (GO) was synthesized and characterized, revealing oxygen-rich
functional groups capable of promoting strong electrostatic and n—rn interactions
with the cationic dye molécules (CV). Kinetic analyses showed that the adsorption
process follows a pseudo-second model R* > 0.95, indicating that chemisorption
1s the dominant mechanism, with a maximum adsorption capacity of 51.04 mg/g
at a concentration of 25 mg/L. Intraparticle diffusion and membrane diffusion
were found to jointly control mass transfer, confirming a multistep adsorption
process. The equilibrium data were best described using a Sips isotherm (R* =1),
while the Longmuir model estimated a single-layer capacity of 65.98 mg/g. The
response surface optimization (RSM) methodology identified the optimal
operating conditions, achieving a high removal efficiency of 92.11%. Graphene
oxide, synthesized using orange peels waste, exhibited selective antibacterial
activity against Gram-negative Escherichia coli and Pseudomonas aeruginosa,
with maximum inhibition zones of 10, 17, and 20 mm at 10, 20, and 40 mg/mL,
respectively. Cytotoxicity evaluation for baker's yeast (Saccharomyces erevisiae)
revealed a concentration-dependent effect, with the highest toxicity at 20 mg/mL
(15% cell death), while concentrations <5 mg/mL showed good biocompatibility
(over 98% viability). These results confirm the strong potential of graphene oxide
as a powerful, efficient, and scalable adsorbent for removing hazardous dyes from

wastewater, as well as its potential applications in biological and medical fields

Keywords : Water pollution, Crystal violet, Methylene blue, Graphene oxide,

Adsorption, Response surface methodology, Biological activities.



Résumé

Le rejet de colorants synthétiques, tels que le violet de cristal (CV) et le bleu de
méthyléne (MB), dans les milieux aquatiques présente un risque environnemental
et sanitaire important en raison de leur forte toxicité, de leur résistance a la
biodégradation et de leur couleur persistante, qui entrave la transmission de la
lumieére et perturbe la vie aquatique. Parmi les stratégies de remédiation
émergentes, I'adsorption a l'aide de matériaux avancés a base de carbone offre une
solution compléte a ce probléme critique. Dans cette étude, I'oxyde de graphéne a
¢té synthétisé et caractérisé, révélant des groupes fonctionnels riches en oxygene
capables de favoriser de fortes interactions électrostatiques et m—m avec les
molécules de colorant cationiques (CV). Les analyses cinétiques ont montré que
le processus d'adsorption suit un modele pseudo-seconde R*> 0,95, indiquant que
la chimisorption est le mécanisme dominant, avec une capacité d'adsorption
maximale de 51,04 mg/g a une concentration de 25 mg/L. La diffusion
intraparticulaire et la diffusion membranaire se sont avérées controler
conjointement le transfert de masse, confirmant un processus d'adsorption en
plusieurs étapes. Frangais canadien Les données d'équilibre ont ét€¢ mieux décrites
a I'aide d'une isotherme de Sips R? = 1, tandis que le modéle de Longmuir a estimé
une capacité monocouche de 65,98 mg/g. La méthodologie d'optimisation de la
surface de réponse (RSM) a identifié les conditions de fonctionnement optimales,
atteignant une efficacité d'élimination €levée de 92,11 %. L'oxyde de graphéne,
synthétis¢ a partir de déchets d'écorces d'orange, a montré une activité
antibactérienne sélective contre Escherichia coli Gram-négatif et Pseudomonas
aeruginosa, avec des zones d'inhibition maximales de 10, 17 et 20 mm a 10, 20 et
40 mg/mL, respectivement. L'évaluation de la cytotoxicité pour la levure de
boulanger (Saccharomyces erevisiae) a révélé un effet dépendant de la
concentration, avec la toxicité¢ la plus ¢levée a 20 mg/mL (15 % de mort
cellulaire), tandis que les concentrations < 5 mg/mL ont montré une bonne

biocompatibilité (plus de 98 % de viabilité). Ces résultats confirment le fort



potentiel de I'oxyde de graphéne en tant qu'adsorbant puissant, efficace et évolutif
pour ¢liminer les colorants dangereux des eaux usées, ainsi que ses applications

potentielles dans les domaines biologique et médical.

Mots-clés : Pollution de l'eau, cristal violet, et le bleu de méthyléne, oxyde de

graphéne, adsorption, méthodologie de réponse de surface, activités biologiques.
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Candida albicans ATCC 10231 v
Pseudomonas aeruginosa ATCC 27853
Escherichia coli ATCC 25922
Staphylococcus aureus ATCC 25932
Bacillus subitilis ATCC 25973
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all L’QM\ b g8 48l Eg

1.4 1
) 12-
—)
< Equation y=a+b*x
/ \ Plot (ahv)*0.5
E Weight No Weighting
- -0.40096 +0.01321
5 1.0 Intercept
N’ 0.35572 £0.00339
Slope
10641
Residual Sum of Squares 0.06417
0.8 Pearson's r 0.99346
R-Square (COD) 0.98697
E Adj. R-Square 0.98688
2.582 e
2.832 eV

0.6 f T T T T T T T T T T 1
}44//f8 3.2 3.6 4.0 4.4 4.8 5.2

hv (eV)
Ol ) 38T 48 5 508 (4= TV)SSEY
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! Llaiual Lingia Jlaniaads dpualy Hll Lpdall 2
@3 z3sall (ANOVA) ol Jlas

(ANOVA) ¢l Qs : (1- TV)d s

Source |(Sum of Squares df[Mean Square| F-value || p-value
Model | 513693 |14 36692 | 8469 |<0.0001]Significant
ACO | 462680 ||1] 462680 | 1067.91 |<0.0001
B-m 1206 1] 1206 278 |[0.1174
C+ 3333 |[1] 3333 769 | 0.0149
D-Ph 2784 1| 27.84 642 | 0.0238
AB 0.0000 || 1] 0.0000 |9.644E-06] 0.9976
AC 64  |1]| 164 | 03781 | 0.5485
AD 03932 |1 03932 | 00907 | 0.7677
BC 5399 |1 5399 | 1246 | 0.0033
BD 2013 1] 29.13 672 | 0.0213
CD 701 |1 701 182 | 0.1982
A? 24599  |[1]| 24599 | 56.78 |<0.0001
B 3339 |[1] 3339 771 | 0.0149
C 621 |1 621 143 | 0.2510
D? 374 |1 374 | 08625 | 03688
Residual |  60.66 [14] 4233
Lack of Fif|  60.66  ||10| 6.07
Pure Emor|  0.0000 | |4] 0.0000
CorTotal | 519759 |28

1.2
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Ol (e 150812 3a el 3 sl G ) e Lea ¢p <0.0001 dai 5 84.69 4l F 23 saill A
Al clallaadl Jadi 71 dlaiuY)

Jodls Sy Jlall Jaladl P<0.0001: A (CO) v
A Ll P<0.05 :D(pH) 5 C (1)
dlan] AYa @ld ddelis @l 45 0.021250.0033 S sill LeP ad :BD s BC wilelis

\;E“\\

Aage aalad e 1,5 0.0149 5 P<0.0001: B2s A2
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8L A e (4<<) 30.16 ALl 48] 28) 4 S35 Ale 455058 4 1) 0.9328 o8 534l

A elia
‘;-‘IEM:ISS‘J g.al,u,,\sl\ euditl) °

g oAl a8 DY) 8eliS e Vit 5 1580 Al T ) (Co) (oY) Aapnall 58 50 llall W) s
(PH) a ganll Ay (1) uadlil) a3 i ALK Jaal dadlal) 3 8} e AeY) ) 38 5 3 55
Dl i aanen ey e gand) A ) abisa 5 2 ) e ey Jeld ) iy Lea 1 556N e Wal
Lebdas 23 izl o3 JS) (il yad) as s Amnsiial <l ) gLl (i) W ol o) dias 8
(BC) ol x AN Jia chagall cle il uiie((9- V) JSAH) 4 il Jal sall Lalade dasd 5,
o2 Jelii 43S e adiny by LaS) 5 G 3351 0 Y ¢(BD) (sm sl o800 x ALY
JiaY) a5 uel) i die (GO) Gl oall 2T (o 2 3all 50 8 (JUall Jaans e el jpaciall
o slindl ) B2y A Gpaal i (14- TV) JSBH o sy Lo s 5 Jumdl Ui f Ualis ST o8 e

Lol A1 Y1 ey 2 35 Y Al O sive GOy Co ALS (o S (S Las AainY) rdans

LoDl clyilaaY) 22

daaly )i g dsibaay) ANAY .

A0 A asalll oy (R%)AN Y 318 8 iliil) (1 98.8 % o ) 2 R2=0.9883 v/
.\J.; :\7\31.9 dae D

()



|| ¥ T gs\sm e ) Jasil)

Zasall O (A e Laa I Jlae JI e Y 4S) iiiall aae Ble e ae Sl J81 R2=0.9767 v
Al Ua jie (gl

GBA) JaradlR? (e 43 8 X5 saaall lilull 73 gail) a8 333 53 (52 ity R2=0.9328 v
Zasaill A 5 5a (0.2 (0

Glly e saa A8 U ady 7844 (b usidls 2.08 (sl bl Gl
EEENAY

Anailly ULl addie il ) cplall Jales aldad) 508 2.56 %:(C.V%) ol el v/
ol BV ) iy Laa das siall

S Lae ¢ i 4 Adie ) glati elida puall () 5 LAY s Cus 30,16 48K 48l (5 gl v
IBlapaaill dalise 8 Jaill 4 48 380 aiady 73 salll

el g (Al Sl ) J

Al g o)) (5 ) sl Arpa A1) 8 (3 55 g0 IS Ly 23 sl 0 028 AaiDlall Clilian ) XS 53
s e oal) Sl R (adaiall LN Jalae uSay Adline bt Ci g yla Jla A 0l jal) s
Jalsall o (I Al il 58 i agolall el jal) 2T el LS ) ma Y el
il g edand) Je i bl lld 8 Lay callail ) i) 4aaling Allady il (Co,m,t,pH) danasi )

il e aaiaall ) eV & sl A8 5 5eS)

()



[ Ruttaady sl s ) Joaml

Predicted vs. Actual

100 |

50 |

80 _|

Predicted

60 _|

50 60 T0 80 90 100

Aladl) 2l 5 Axd sl agdll A8 ¢ (5-TV) JE&Y
4pgdd c¥sadll 3.2

ksl Jal gall Gy (pa dgitgdl) Lskaad) ,1.3.2
dualy )i g dsibaay) AN .

R =+79.96 - 19.64*A + 1.00*B + 1.67*C + 1.52*D -0.0032*AB - 0.6399*AC +

0.3135*%AD - 3.67*BC - 2.70*BD - 1.41*CD - 6.16*A% + 2.27*B? + 0.9788*C2 -
0.7590*D?

Sl ol die (A 3Y)1 36 16S) AlainY) Jau 6ie 1(79.96) abliill dass v
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R*=+68.39774 - 0.054326*C0 + 0.564246*m + 0.270194*t + 3.91657*pH-
0.011716*C0O m - 0.000800*CO0 t +0.005225*C0 pH -0.018369*m t -0.179918*m
pH - 0.011716*t pH -0.015395C0? + 0.090756m? + 0.000612t* - 0.08433 pH?>

lealadinl Sy Y (S sl ( mg/Le mgemin) Addall Glas gl 23 gaill 138 andingy v
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R Yoo il 3 33 yal Aah gial) ol g Ay sal) ol (5-IV)J 92

StdRun| Co [m| t [pH R
mg/l|mg|min|| / PR | AR [ER Ao
%
6| 11301090 T 80.4137| 81.7306 80.4137
14| 2 || 30 (15| 10 ? 87.869 | 86.2187 87.869
13/ 3 130510 ? 73.928 | 76.8658 73.928
10| 4 || 50 (10| 50 T 53.4454| 51.5717 53.4454
71 513010 10 ﬁ 81.4049| 81.4433 81.4049
19| 6 || 10 (10| 90 T 96.574 | 96.7243 96.574
21 7 || 30| 5|50 T 77.7203 | 76.2467 77.7203
9 8 (10 |10]50 T 91.6613| 91.4704 | 88.5973856
19 ]10(5]50 T 96.0569 || 94.7019 96.0569
2010 50 |10 90 T 55.2941| 56.1727 55.2941
8|11 30 |10 90 ﬁ 82.827 | 81.9647 | 80.2197189
28|12 | 30 |10 50 ? 79.9612| 79.9612 79.9612
22|13 | 30 |[15] 50 T 83.6458| 83.6495 83.6458
12|14 || 50 (10| 50 ﬁ 55.1519| 55.2447 55.1519
315 10 |15] 50 ? 94.958 | 96.7137 | 94.9720625
24|16 || 30 |[15] 50 ﬁ 81.0817| 81.298 81.0817
16| 17 || 30 (|15] 90 T 85.2402| 82.2044 85.2402
4518 | 30 |10 10 T 73.3678 | 75.5854 73.3678
26|19 30 |10 50 T 79.9612| 79.9612 79.9612
17( 20| 10 |10 10 T 94.2469 || 92.1111 94.2469
2921 30 10| 50 T 79.9612| 79.9612 79.9612
27\ 22| 30 |10 50 ? 79.9612| 79.9612 79.9612
15/23 (1305190 ? 85.9944 | 87.5467 85.9944
41245015/ 50 ? 54.7253 | 57.4355 54.7253
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23|25/ 30 |[ 5 ][ 50 [[10]/85.9513] 84.6903 | 85.9513
18] 26 | 50 [[10] 10 | 7 [55.5268| 54.1193 | 50.7527999
11] 27 10 [10] 50 [10]92.1138]] 93.8894 | 92.1138
25][ 28 ][ 30 |[10][ 50 |[ 7 [[79.9612] 79.9612 | 79.9612
20200505500 7]558371] 55.4367 | 55.8371
Box-Cox Plot for Power Transforms
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RSM RESUTLS FOR MB

Std|Run|CO(mg/)m (me/g)|t (min)pH| R% |

[6][ 1] 30 ][ 10 | 90 ]4]s585074
4 2 30 [ 15 | 10 [7][8.4374
(133 30 | 5 | 10 ][7]54.8854
[10] 4] 50 | 10 | 50 [4]67.2199]
(7] 5] 30 | 10 | 10 [10][76.5477
[19][ 6 ][ 10 ][ 10 | 90 ][7]63.5538
21][ 7] 30 || 5 | 50 ][4]s51.6833
(o] 8] 10 ] 10 | 50 [4]61.769]
(][9] 10 ]| 5 | 50 |[7]s565722
[20][10]] 50 ]| 10 | 90 | 7]e8.1018|
[8][11][ 30 ]| 10 | 90 J1o] 57.86 |
[28][12] 30 ][ 10 | 50 |7 ]57.9475|
[22][13] 30 || 15 | 50 |4 ]60.7122|
[12]14] 50 ] 10 | 50 10][73.2987
[3][15] 10 ]| 15 | 50 ][ 7]85.1286|
[24][16]] 30 ]| 15 | 50 J[10]68.2887]
[16][17]] 30 || 15 | 90 |7 [64.2292|
[s][18][ 30 ][ 10 | 10 ] 4]57.3001
[26][19] 30 ][ 10 | 50 |[7]57.9475|
1720 10 [ 10 | 10 [7]87.5433
[29][21] 30 || 10 | 50 | 7]57.9475|
27][22]] 30 || 10 | 50 | 7]57.9475|
[15][23]] 30 || 5 | 90 | 7]53.993]
[4][24] 50 || 15 | 50 | 7]73.1937
[23][25] 30 || 5 | 50 J10]57.4576|
[18][26] 50 ]| 10 | 10 |7 ]68.5323
[11]27] 10 [ 10 | 50 ]10][87.4908|
[25][28] 30 || 10 | 50 |[7]57.9475
[2]29] 50 || 5 | 50 [7]F4.4115




ANOVA for Quadratic model

Source Sl L Cah F- p-value
Squares Square value

Model | 2798.13(14] 199.87| 18.14| < 0.0001|significant]
A-co | 24.94 1] 2494 2.6 0.1546| |
B-m [ 546.57| 1] 546.57| 49.62) <0.0001]| |
C-t | 270.76]_1]| 270.76] 24.58) 0.0002] |
DpH | 338.69] 1| 338.69| 30.75| <0.0001]| |
AB [ 221.63|[ 1] 221.63| 20.12] 0.0003]| |
AC [ 138.76]_1]| 138.76|  12.60| 0.0032] |
IAD | 96.46|_1]| 96.46| 8.76) 0.0104] |
IBC I 4433 1]| 4433 4.02) 0.0646| |
IBD | 0.8120] 1]| 0.8120] 0.0737 0.7900)| |
cD [ 98.95 1]| 98.95] 8.98| 0.0096| |
A [ 100246 1] 1002.46] 91.01]] <0.0001| |
B | 13.71]_1]| 13.71]  1.24) 0.2834] |
& | 49.63| 1]| 49.63| 4.5l 0.0521| |
D2 [ 11.76] 1] 11.76]  1.07 0.3190| |
Residual | 154.22[14] 11.02 [ [ |
;f‘t"k of 154.22 15.42

[Pure Error | 0.0000][ 4| 0.0000|| [ [ |
(Cor Total | 2952.342]| [ [ [ |




| Std.Dey)| 3.32 | R? | 0.9478 |
| Mean | 65.40| AdjustedRq 0.8955 |
| CV.% | 5.08 | PredictedR| 0.6991 |

Adegq
Precision 16.0581

5kdial) Jal gadl ua pa dsilgl) Altacal)

R=+5795-1.44A +6.75B - 4.75C + 531D — 7.44AB + 5.89AC —
4.91AD —-3.33AB + 0.4506BD — 4.97CD + 12.43A> +1.45B> +2.77C> +
1.35D?

Adadl) Jal gad) i (pe Ailgdl) Aataall

R=+36.39189- 0.987660C, + 3.04181*m — 0.055916*t + 3.90356*pH-
0.074436*C0 m + 0.007362*C0 t — 0.081846*CO0 pH -0.016645*m t +
0.030038*m pH - 0.041448*t pH +0.031079C0* + 0.058151m? +
0.001729t*+ 0.149623 pH?



Box-Cox Plot for Power Transforms
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Confirmation

Two-sided Confidence = 95%

Runl1 |/Predicted| Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:v Mean higoh
| A | 237721 | 237721 || 2371 \\0.22136\\0.278538“ 1.7798 || |2.97461
| R | 569713 | 56.9713 | 58.5074 H3.31894H 4.17624 |[48.0141|, |65.9284|
| q || 42.0223 || 42.0223 || 43.8806 H9.38027H 11.8032 ||16.7069)| |167.3378]
Confirmation
Two-sided Confidence = 95%
Run 2 ||Predicted||Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred |O:N Mean higoh
| A ][ 146958 | 1.46958 | 1.232 Ho.zzlss\\0.278538\\0.872179“ |2.06699)
| R ][ 76.9953 || 76.9953 | 78.4374 H3.31894H4.17624 | 68.0382 | |85.9525]
| q ][ 35.6971 | 35.6971 | 39.2187 H9.38027H 11.8032 | 10.3817 | |61.0125]
Confirmation
Two-sided Confidence = 95%
Run 3 ||Predicted || Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:v Mean higoh
| A | 243242 | 243242 | 2578 Ho.22136\\0.278538\\1.83501“ [3.02982
| R | 56.8396 | 56.8396 | 54.8854 H3.31894H 4.17624 |[47.8825|| |65.7968]
| q | 87.8689 | 87.8689 | 823281 H9.38027H 11.8032 |62.5534) [113.184]
Confirmation
Two-sided Confidence = 95%
Run4 ||Predicted||Predicted ob dllstd Dev SE Pred 95% Pl || Data || 95% PI
Response|| Mean Median serve € low [Mean| high
| A | 308842 | 3.08842 | 3.122 Ho.zzlss\\0.278538\\2.49101\\ |3.68582
| R | 69.8822 || 69.8822 | 67.2199 H3.31894H 4.17624 |[60.9251|| |78.8394|
| q | 90.0178 || 90.0178 | 84.0249 H9.38027H 11.8032 ||64.7023 | |115.333]




Confirmation

Two-sided Confidence = 95%

Run5 |Predicted| Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:v Mean higoh
| A | 150138 | 1.50138 | 1.34 Ho.22136\\0.278538\\0.90397\\ |2.00878]
| R | 77.0967 || 77.0967 | 76.5477 H3.31894H 4.17624 |[68.1395|| |86.0538]
| q | 53.4419 || 53.4419 || 57.4108 H9.38027H 11.8032 ||28.1264| |78.7573]
Confirmation
Two-sided Confidence = 95%
Run 6 |[|Predicted||Predicted 95% Pl || Data || 95% PI
Response|| Mean Median LR |15 DevH S5 [ |O:N Mean higoh
| A ][0.791208]0.791208 | 0.694 Ho.22136\\0.278538\\0.193804“ |1.38861]
| R ][ 63.9471 | 63.9471 | 63.5538 H3.31894H4.17624H 54.9899 | |72.9042]
\ q H 10.9118 H 10.9118 H 15.8885 H9.38027H 11.8032 H-14.4037H H36.2272\
Confirmation
Two-sided Confidence = 95%
Run 7 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median (Sl | DevH S5 (A Io:v Mean higoh
| A | 270821 | 2.70821 || 2.761 \\0.22136\\0.278538“ 2.1108 || [3.30561
| R | 49.1369 || 49.1369 | 51.6833 H3.31894H 4.17624 |[40.1798|| [58.0941
| q | 821269 | 82.1269 | 77.5249 H9.38027H 11.8032 |56.8114| [107.442|




Confirmation

Two-sided Confidence = 95%

Run 8 |[|Predicted||Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:v Mean higoh
| A |lo.763417]0.763417| 0.728 Ho.22136\\0.278538\\0.166012“ |1.36082]
| R || 62.944 | 62.944 | 61.769 H3.31894H4.17624H 53.9869 | |71.9012]
| q [ 11.2849 | 11.2849 | 15.4423 H9.38027H 11.8032 ||-14.0306|| |136.6003|
Confirmation
Two-sided Confidence = 95%
Run9 |[|Predicted||Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred |O:N Mean higoh
\ A H0.924708H0.924708H 0.827 Ho.22136\\0.278538\\0.327304\\ H1.52211\
\ R H 59.0821 H 59.0821 H 56.5722 H3.31894H4.17624 H 50.1249 H H68.o392\
| q ][ 29.5957 | 29.5957 | 28.2861 H9.38027H 11.8032 | 4.28025 | |54.9111]
Confirmation
Two-sided Confidence = 95%
Run 10 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DEVH SE Pred Io:v Mean higoh
| A |/ 2.86371 | 2.86371 | 3.038 \\0.22136\\0.278538“ 2.2663 || 3.46111|
| R | 72.8433 || 72.8433 | 68.1018 H3.31894H 4.17624 | 63.8862 | |81.8005]
| q |/ 92.9583 || 92.9583 | 85.1273 H9.38027H 11.8032 |67.6429)| [118.274]
Confirmation
Two-sided Confidence = 95%
Run 11 ||Predicted || Predicted ob dlstd b SE Pred 95% PI || Data || 95% PI
Response| Mean Median serve ev re low |[Mean| high
| A |/ 246321 || 246321 | 2.408 H0.22136Ho.278538H 1.8658 || 3.06061
| R || 57649 || 57.649 | 57.86 H3.31894H 4.17624 ||48.6919)| |66.6062|
| a | 41.2998 || 41.2998 || 43.395 H9.38027\| 11.8032 |[15.9844| |66.6153]




Confirmation

Two-sided Confidence = 95%

Run 12 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
| A || 2403 | 2403 | 2.403 Ho.22136\\0.242487\\1.88292“ 12.92308]
| R || 57.9475 || 57.9475 || 57.9475 H3.31894H 3.63572 [[50.1497 | |65.7453]
| a | 43.4606 | 43.4606 | 43.4606 H9.38027H 10.2756 |[21.4217 | |65.4995|
Confirmation
Two-sided Confidence = 95%
Run 13 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median (LSBT |5 DevH 3 A Io:v Mean hi;h
| A || 217738 | 2.17738 || 2.245 Ho.22136\\0.278538\\1.57997\\ |12.77478)
| R || 61.7336 || 61.7336 || 60.7122 H3.31894H 4.17624 |/52.7764], 170.6907|
\ q H 29.5089 H 29.5089 H 30.3561 H9.38027H 11.8032 H4.19345H H54.8243\
Confirmation
Two-sided Confidence = 95%
Run 14 ||Predicted|/Predicted 95% PI || Data || 95% PI
Response Mean Median (el | S DEVH 3 AT Io:v Mean higoh
| A |l256142 256142 | 2543 Ho.22136\\0.278538\\1.96401“ [3.15882]
| R || 70.686 | 70.686 | 73.2087 H3.31894H 4.17624 ||61.7288)| |79.6431]
| q  ]|97.3399 | 97.3399 | 91.6234 H9.38027H 11.8032 |72.0244) |122.655]




Confirmation

Two-sided Confidence = 95%

Run 15 ||Predicted || Predicted 95% Pl || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
A 0.012375/0.012375 || 0.283 0.221360.278538 0.5&;503 0.60978
| R | 87467 | 87.467 |85.1286 H3.31894H 4.17624 |78.5099)|| |196.4242]
| a | 300092 | 30.0092 || 14.1881 H9.38027H 11.8032 ||4.69378)| |55.3247|
Confirmation
Two-sided Confidence = 95%
Run 16 ||Predicted || Predicted ob dllstd o SE Pred 95% PI || Data || 95% PI
Response|| Mean Median serve v re low |[Mean|| high
| A | 164338 | 1.64338 | 1.812 Ho.22136\\0.278538H1.o4597H |12.24078)]
\ R H 73.26 H 73.26 H 68.2887 H3.31894H 4.17624 H64.3028H H82.2171\
| q || 33.8104 | 33.8104 || 34.1444 H9.38027H 11.8032 | 8.495 | 1591259
Confirmation
Two-sided Confidence = 95%
Run 17 ||Predicted || Predicted ob dllstd o SE Pred 95% PI || Data || 95% PI
Response|| Mean Median serve v re low ||Mean|| high
| A ][ 224342 | 2.24342 || 2.044 Ho.zzlss\\0.278538\\1.64601“ |2.84082]
| R ]| 60.8373 || 60.8373 || 64.2292 H3.31894H 4.17624 |/51.8801|| |l69.7944|
| a | 281329 28.1329 | 32.1146 H9.38027H 11.8032 |[2.81751| |53.4484]




Confirmation

Two-sided Confidence = 95%

Run 18 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
| A || 255237 | 255237 || 2.44 Ho.22136\\0.278538\\1.95497\\ |3.14978]
| R || 56.5239 || 56.5239 || 57.3001 H3.31894H 4.17624 ||47.5668|| |l65.4811]
| a | 392431 | 39.2431 | 42,9751 H9.38027H 11.8032 |[13.9277 | |64.5586]
Confirmation
Two-sided Confidence = 95%
Run 19 ||Predicted | Predicted ob dllstd b SE Pred 95% PI || Data || 95% PI
Response|| Mean Median serve v re low |[Mean| high
\ A H 2.403 H 2.403 H 2.403 Ho.22136\\0.242487\\1.88292\\ H2.92308\
| R || 57.9475 || 57.9475 || 57.9475 H3.31894H 3.63572 [[50.1497 |65.7453]
| q || 43.4606 | 43.4606 || 43.4606 H9.38027H 10.2756 |[21.4217 |65.4995]
Confirmation
Two-sided Confidence = 95%
Run 20 ||Predicted || Predicted ob dllstd o ] SE Pred 95% PI || Data || 95% PI
Response|| Mean Median serve v 2 re low |[Mean|| high
A 0.189875 || 0.189875 || 0.237 [0.22136 i 0.278538 0146753 0.78728
R | 85.2267 || 85.2267 | 87.5433 H3.31894H 4.17624 ||76.2696|| |94.1839)
q 18.3228 || 18.3228 || 21.8858 9.38027i 11.8032 6.99'261 43.6383




Confirmation

Two-sided Confidence = 95%

Run 21 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
| A || 2403 | 2403 | 2.403 Ho.22136\\0.242487\\1.88292“ 12.92308]
| R || 57.9475 || 57.9475 || 57.9475 H3.31894H 3.63572 [[50.1497 | |65.7453]
| a | 43.4606 | 43.4606 | 43.4606 H9.38027H 10.2756 |[21.4217 | |65.4995|
Confirmation
Two-sided Confidence = 95%
Run 22 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median (LSBT |5 DevH 3 A Io:v Mean hi;h
\ A H 2.403 H 2.403 H 2.403 Ho.22136\\0.242487\\1.88292“ H2.92308\
| R || 57.9475 || 57.9475 || 57.9475 H3.31894H 3.63572 [[50.1497 | |65.7453]
| a || 43.4606 | 43.4606 || 43.4606 H9.38027H 10.2756 |[21.4217 |65.4995]
Confirmation
Two-sided Confidence = 95%
Run 23 ||Predicted | Predicted 95% Pl || Data || 95% PI
Response|| Mean Median (Sl | DevH 3 AT Io:v Mean higoh
| A || 2.44525 || 2.44525 || 2.629 Ho.22136\\0.278538\\1.84785\\ |3.04265]
| R ][ 53.9974 | 53.9974 | 53.993 H3.31894H 4.17624 [|45.0402|| |62.9545]
| a || 86.0702 || 86.0702 || 80.9895 H9.38027H 11.8032 |/60.7548) |111.386|
Confirmation
Two-sided Confidence = 95%
Run 24 ||Predicted | Predicted ob dlstd SE Pred 95% Pl || Data || 95% PI
Response|| Mean Median serve ev re low |[Mean|| high
| A || 262288 || 2.62288 || 2.553 Ho.22136\\0.278538\\2.02547\\ |3.22028]
| R || 69.6966 || 69.6966 || 73.1937 H3.31894H 4.17624 |/60.7395|| |78.6538]
| a | s38s8 | s3.858 | 60.9948 H9.38027\| 11.8032 |[28.5426| 179.1735]




Confirmation

Two-sided Confidence = 95%

Run 25 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
| A J[227721 ] 227721 || 2.431 H0.22136H0.278538H 1.6798 || |2.87461]
| R || s8.861 | s58.861 || 57.4576 H3.31894H 4.17624 [/49.9039)|| |l67.8182
| a | 913015 | 913015 | 86.1864 H9.38027H 11.8032 ||65.9861 | |116.617|
Confirmation
Two-sided Confidence = 95%
Run 26 ||Predicted ||Predicted 95% Pl || Data || 95% PI
Response|| Mean Median ObservedStd DevH SE Pred Io:v Mean hi;h
| A || 267838 | 2.67838 || 2.997 Ho.22136\\0.278538\\2.08097\\ 13.27578]
| R ]| 70.5639 || 70.5639 || 68.5323 H3.31894H 4.17624 | 61.6068|| 1795211
| a | 9491 | 9491 | 856654 H9.38027H 11.8032 |[69.5946 | 1120.225]
Confirmation
Two-sided Confidence = 95%
Run 27 ||Predicted||Predicted 95% Pl || Data| 95% PI
Response|| Mean Median CLEERTE|SL DEVH S5 (A Io:v Mean higoh
A |0.325417|0.325417|| 0.238 0.221360.278538 N 27'19 - 0.922821
| R ||83.3908 | 833908 || 87.4908 H3.31894H 4.17624 | 74.4336 || |92.3479 |
| g | 17.439 || 17.439 | 21.8727 H9.38027H 11.8032 |-7.87643 |42.7545 |




Confirmation

Two-sided Confidence = 95%

Run 28 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median Observed) Std DevH SE Pred Io:/v Mean higoh
| A || 2403 | 2403 | 2.403 Ho.22136\\0.242487\\1.88292\\ 12.92308]
| R || 57.9475 || 57.9475 || 57.9475 H3.31894H 3.63572 [[50.1497 | |65.7453]
| a | 43.4606 | 43.4606 | 43.4606 H9.38027H 10.2756 |[21.4217 | |65.4995|

Confirmation
Two-sided Confidence = 95%

Run 29 ||Predicted || Predicted 95% PI || Data || 95% PI
Response|| Mean Median (LSBT |5 DevH 3 A Io:v Mean hi;h
\ A H 2.87521 H 2.87521 H 2.437 H0.22136H0.278538H 2.2778 H H3.47261\
\ R H 71.0859 H 71.0859 H 74.4115 H3.31894H 4.17624 H62.1288H H80.0431\
| a || 164.381 | 164.381 || 186.029 H9.38027H 11.8032 |[139.065) 1189.696)




Run Co m t pH Rep | Ra (%) | Ra (%) RSM ANN Squared ANN RSM Squared
(mg/L) | (mg) | (min) (%) RSM ANN Error Error Error Error
1 30 10 90 4 |80.4137 | 81.7306 | 80.4137 0 1.734226 1.3169 0
2 30 15 10 7 | 87.869 | 86.2187 | 87.869 0 2.72349 -1.6503 0
3 30 5 10 7 | 73.928 | 76.8658 | 73.928 0 8.630669 2.9378 0
4 50 10 50 4 | 53.4454 | 51.5717 | 53.4454 0 3.510752 -1.8737 0
5 30 10 10 10 | 81.4049 | 81.4433 | 81.4049 0 0.001475 0.0384 0
6 10 10 90 7 | 96.574 | 96.7243 | 96.574 0 0.02259 0.1503 0
7 30 5 50 4 | 77.7203 | 76.2467 | 77.7203 0 2.171497 -1.4736 0
8 10 10 50 4 ]91.6613| 91.4704 | 88.5973 | -3.06391 0.036443 -0.1909 9.387571
9 10 5 50 7 ]96.0569 | 94.7019 | 96.0569 0 1.836025 -1.355 0
10 50 10 90 7 |55.2941 | 56.1727 | 55.2941 0 0.771938 0.8786 0
11 30 10 90 10 | 82.827 | 81.9647 | 80.2197 | -2.60728 0.743561 -0.8623 6.797914
12 30 10 50 7 ]79.9612 | 79.9612 | 79.9612 0 0 0 0
13 30 15 50 4 |83.6458 | 83.6495 | 83.6458 0 1.37E-05 0.0037 0
14 50 10 50 10 | 55.1519 | 55.2447 | 55.1519 | -9.95E-14 0.008612 0.0928 9.90E-27
15 10 15 50 7 | 94.958 | 96.7137 | 94.9720 | 0.014063 3.082482 1.7557 0.000198
16 30 15 50 10 | 81.0817 | 81.298 | 81.0817 0 0.046786 0.2163 0
17 30 15 90 7 |85.2402 | 82.2044 | 85.2402 0 9.216082 -3.0358 0
18 30 10 10 4 |73.3678 | 75.5854 | 73.3678 0 491775 2.2176 0
19 30 10 50 7 ]79.9612 | 79.9612 | 79.9612 0 0 0 0
20 10 10 10 7 194.2469 | 92.1111 | 94.2469 0 4.561642 -2.1358 0
21 30 10 50 7 ]79.9612 | 79.9612 | 79.9612 0 0 0 0
22 30 10 50 7 ]79.9612 | 79.9612 | 79.9612 0 0 0 0
23 30 5 90 7 |85.9944 | 87.5467 | 85.9944 0 2.409635 1.5523 0
24 50 15 50 7 | 54.7253 | 57.4355 | 54.7253 0 7.345184 2.7102 0
25 30 5 50 10 | 85.9513 | 84.6903 | 85.9513 0 1.590121 -1.261 0
26 50 10 10 7 |55.5268 | 54.1193 | 50.7527 -4.774 1.981056 -1.4075 22.79108
27 10 10 50 10 | 92.1138 | 93.8894 | 92.1138 | 9.95E-14 3.152755 1.7756 9.90E-27
28 30 10 50 7 ]79.9612 | 59.9709 | 79.9612 0 399.6121 -19.9903 0
29 50 5 50 7 |55.8371 | 55.4367 | 55.8371 0 0.16032 -0.4004 0
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