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ﬁ Goals
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= Treat municipal wastewater (MWW) with membrane
bioreactor (MBR), nanofiltration (NF), and reverse osmosis
(RO)

= Physico-chemical and microbiological parameters compared to
WHO and EU guidelines

= Removal of contaminants of emerging concern (CEC) from
Watch List (WL)

» Reuse effluent for agricultural irrigation
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Croatia

= No regulations for reuse
= No wastewater reuse
= 150 WWTP - 4.33 million PE

2008, | 2009 | 2010, | 2014, | 2012 | 2013, | 2014 | 2015 | 2016. @ 2017,
Otpadne vode, tis. m*
Weaste water, '000 m?
w 199718 324781 301030 42800 328553 303544 363353 366872 364700 378 308
Kitanstva
Housahokds 128403 127033 180332 182646 184408 194052 175708 179586 174203 178382
Dielatnost 100803 99883 54656 86335 62477 71318 62351 72528 77227 76800
Komunalne usluge . . . . . . ) ) ) )
Public utilities services
Ostale vode
e 03512 97865 57042 73810  B1668 128174 125294 114758 113360 123216




ﬁ Materials and methods

WWTP Cakovec (red dot sampling point)

Physico-chemical: electrical conductivity (EC,); pH; turbidity; chemical oxygen demand (COD); biological
oxygen demand (BODg;); dissolved organic carbon (DOC); total suspended solids (TSS); total nitrogen (TN),
content of PO,%, NO;, NO,, NH,*, F, CI, Br,, SO,%, Li*, Na*, K*, Mg?*, Ca?*

Trace elements: Al, As, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se, V, and Zn

Microbiological analysis: total coliforms (TC), Escherichia coli (EC), Enterococcus (ENT), Total colony count at
36 °C (TC36), Total colony count at 22 °C (TC22), and Pseudomonas aeruginosa (PA)

CEC: diclofenac, erythromycin, clarithromycin, azithromycin, methiocarb, imidacloprid, thiacloprid,
thiamethoxam, clothianidin, acetamiprid, oxadiazon, tri-allate



9 )
‘: Materials and methods
FKITMCMXIX
I
MBR treatment : RO/NF treatment
|
Air IJ‘—’ | XLE
flowmeter l; oo & Product : I—v Permeate
Q_:‘ Flowmeter Manometer Ba"‘% pump | . :Vﬂv : NE9O Retentate
ir pump };;\I:j:} @ N I I—b Permeate
* . ‘ i : L NE2T0 \—b Retentate
Feed = | Permeate : I—P Permeate
Eas tank
[ | Retentate
ZW-1 PLC |
L[ |
|
PC |
¥ |
Sludge / |
concentrate |
Period | Period 11
1-2 weeks 3-4 weeks 12 bar
Temperature, °C 24.15+1.09 22.84+1.50 RO - XLE
TMP, bar -0.02 -0.04 NF — NF90 and NF270
Permeate flux, L m2 h1 12.26+3.99 24.67+2.67
HRT, h 8.7 4.4
MLSS, g L* 9.34+1.71 12.47+1.38

9  Air supply, L min? 20
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Real MWW characteristics during the monitoring of six months

Months October | November | December | Jamuary | February | March | Yearly Concentrations (Logie) of bacterial indicators

Parameter Uit Average Total cfin 100 | 7.63 6.93 7.12 6.30 6.57 6.19 6.92+0.58

Physico-chemical characteristics coliforms ml!

t iC 172 126 102 112 102 9.7 14640 Eschericlia | cfu 100 | 6.93 6.05 6.52 6.05 379 544 6.21.72

turbadity NIU 838 3713 6.4 215 157 7635 62.6£37.2 coli ml!

pH - 764 773 7.76 7.78 782 782 7701 Enterococco | cfi 100 | 3.81 339 582 335 330 436 53337

EC, pSem! | 1200 713 &16 726 711 634 871.7=1771 ml!

COD mgl! | &57 401 444 212 137 110 551+208 Total coleny | cfu 1 | 6.88 6.17 631 3T 335 4384 6.23).67

BOD mg L' | 451 241 233 93 60 35 265150 coumt at 37 | mL!

TSS mg L' | 273 137 138 44 x 42 182+129 °C

PO~ mgL! | 379 7.39 3N 1.34 1.63 1.08 377193 Total coleny | cfu 1 | 7.10 6.54 6.81 6.16 6.13 5.63 6.650.51

TP mg LT | 730 5.08 426 238 212 123 467198 count at 22 | mL!

™ mg L' | 6230 39.35 4336 21.10 19.26 1249 | 38.38+14.69 iC

NO» mgl! (0 0.04 0.04 0.34 0.26 044 0.100.15 Pseudomeona | cfu 100 | - - - 0 - 0 0

DOC mg L' | 1014 512 103 422 61.1 15.0 64.0£20.5 saeruginosa | ml!

F mg L' | 0410 026 0 0 0 0 0.331=0.398

T mgl’ | 1554 | 7037 5256 §728 | 1162 | 1182 [113.6=8247 Trace dlements

Br mglt |0 1.920 457 0 0 148 | 0.721=1376 Al pgLT [ 758 61.4 ELE] 1 117 103 | 474=29

NOs mglt |08 3159 Iy 050 | D88 95| 331511274 As uz ' | 0714 | 0763 0521 0476 | 0341 | 0080 | 0651=0203

504> mgl' | 1168 | 3142 34.60 5836 | 6674 | 63.00 |53.86224.97 Cd pzLT | 0030 | 0025 0026 0016 | 0.014 0.014 | 0.023=0.005

Na* mg L' | 1247 63.95 70.61 2030 | 36.60 3321 | 72713353 Co pzl' | 0332 0374 0648 0.508 0.408 0381 | D416=0.096

NH.” mgl' [2193 6.85 0.02 10.59 1122 71 19.73215.07 Cr pg L 0837 0.601 0.668 0423 0,206 0250 | 0.633=0.196

K mglt | 2415 [ 367 0 T4 772 631 | 11662825 Cu uzL' | 748 | 624 342 28 |14 125 6302285

Mg mgl!' | 20359 320 0 1420 17.04 1875 | 1638=8468 Fe pg L 181 02 213 136 053 0.6 17885

Ca®* mgI! | 7560 16.83 30 713 4489 30.32 | 51.68=2637 i pz L 335 340 346 ] 66 773 ENI T
Mn pg Lt 63.6 67.7 60.6 379 433 M43 33.7£137
Mo pg LT 1.92 0911 0.620 0.597 0.643 0.630 | 097120423
M pg Lt 257 1.87 164 1.06 0.880 0918 | 1.84=060
v pg Lt 0427 0.691 242 0.423 0.296 0230 | 0.597=0.562

10 In pg Lt 426 310 194 158 RERY 219 280130
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Concentration of CECs during the six months of monitoring
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MWW and MBR effluent characteristics during the two experimental periods with removal efficiencies.

12

é_" Results and discussion

MWW MBR effluent | R, % MWW MBR effluent | R, %
87.41+19.09 15.41+4.84 82.21 112.05+19.87 21.02+3.20 80.66
438.71+264.17 36.40+13.74 89.83 765.50+422.25 24.66+4.79 95.80
589.64+378.29 25.00+14.15 94.12 792.144+518.60 15.07+6.01 97.38
n.a. n.a. - 71.09+11.90 44.96+9.31 36.56
7.34+0.16 7.68+0.23 - 7.19+0.11 7.79+0.07 -
1378+196 1150+150 16.41 1267+45 1025+38 19.09
116.26+103.21 0.79+0.54 98.52 233.97+97.51 0.50+0.34 99.75
0.37+0.40 0.12+0.02 66.69 0.60+1.04 0.13+0.02 77.81
158.23+48.01 153.68+47.69 | 2.88 75.30+23.30 83.32+13.29 -10.66
0.00+0.00 3.66+4.55 - 0.06+0.08 1.60+0.50 -2405.82
0.05+0.09 0.00+0.00 99.83 0.01+0.03 0.00+0.00 100.00
1.68+0.79 226.87+60.75 | - 2.36+3.11 189.83+18.38 | -
44.88+18.05 58.66+:36.46 -30.70 19.18+5.34 11.74+9.89 38.79
45.16+16.75 58.40+14.42 -29.32 21.04+9.42 40.16+4.27 -90.87
0.00+0.00 0.00+0.00 - 0.00+0.00 0.00+0.00 -
98.14+30.25 97.57+27.77 0.58 69.28+18.61 74.05+5.58 -6.88
17.4242.40 0.00+0.00 100 16.48+4.59 0.63+0.85 96.18
28.67+10.63 31.92+4.47 -11.34 20.12+5.52 21.77+3.53 -8.21
21.15+1.34 23.79+3.96 -12.47 19.72+5.00 20.28+1.02 -2.84
93.38+2.77 81.25+4.98 12.98 88.96+22.54 92.89+1.25 -4.41
2.39+0.76 2.45+0.70 - 1.72+0.36 1.83+0.14 -
0.41+0.15 0.47+0.06 - 0.29+0.06 0.31+0.05 -
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Results and discussion

Concentration of CEC detected in the MWW and in the MBR effluent.

MWW MBR effluent R, % MWW MBR effluent R, %
0.68+0.23 0.32+0.02 52.62 11.90+16.19 9.13+7.08 23.25
0.044+0.062 0.06+0.09 -44.44 0.11+0.16 0.30+0.23 -167.95
6.08+3.74 1.56+1.14 74.25 1.54+0.22 0.43+0.06 71.87
87.80+25.14 80.71+19.81 8.07 36.04+6.78 28.06+10.57 22.13
1.4442.03 1.70+2.40 -18.07 n.d. n.d. -
0.228 <LOQ >99.9 n.d. n.d. -
3.99+4.79 0.46+0.25 88.37 n.d. n.d. -
2.32+3.22 1.40+1.99 39.36 n.d. n.d. -
3.18+4.79 3.14+3.79 1.05 n.d. n.d. -
1.72+1.28 1.15+0.88 33.15 0.114. 0.110 -
0.29 <LOQ >99.9 n.d. n.d. -
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é_" Results and discussion

MBR effluents (feed) and NF270, NF90, and XLE permeate together with removal efficiencies.

feed permeate | R, % feed permeate | R, % feed permeate | R, %
27.01 0.962 96.43 16.09 2.1338 86.74 17.42 2.1662 87.6
22.7 <5 >77,97 | 25.8 5.7 77.91 23.8 6.67 72
13 <4 >69.23 | 15 <4 >73.33 |13 <4 >69.23
46.7 39.2 16.06 49.9 12.6 73.13 49.6 <5 >89.92
7.81 7.82 - 7.9 7.33 7.84 7.15
1000 444 55.60 1083 69.7 93.56 1083 55.5 94.90
0.298 0.13 56.37 0.406 0.2 50.74 0.404 0.436 -7.92
8.96 0.28 96.91 0.20 0.05 73.06 0.19 0.06 67.88
18.62 31.04 -66.68 | 108.72 3.55 96.73 103.59 2.59 97.50
0.42 0.90 -111.35 | 2.53 0.25 90.03 2.16 0.18 91.76
0.00 0.00 0.00 0.00 0.00 0.00
49.65 168.21 -238.81 | 240.73 25.11 89.57 238.24 20.65 91.33
1.94 0.00 >09.99 | 21.66 0.00 >00.99 | 18.26 0.69 96.20
8.35 0.46 94.50 44.46 0.22 99.50 45.35 0.41 99.10
0.00 0.00 0.00 0.00 0.00 0.00
70.68 40.87 42.18 80.29 9.41 88.28 80.77 6.84 91.54
0.00 0.73 0.00 0.29 0.00 0.93
20.13 11.15 44.60 22.18 3.20 85.57 23.97 3.23 86.51
20.55 3.44 83.26 22.06 0.15 99.31 21.76 0.25 98.86
96.37 30.51 68.34 95.22 1.06 98.89 94.91 1.40 98.53
14 1.71 1.87 - 1.93 0.31 - 1.94 0.34 -
0.29 0.30 - 2.26 0.45 - 1.40 0.39 -




t.’
79

FKITMCMXIX

é_" Results and discussion

Concentrations of CEC in NF270, NF90, and XLE feed and permeate with

removal efficiencies.

permeate

permeate

permeate

0.1933 | 0.0385 80.08 0.2145 <LOQ >99.9 0.1405 <LOQ >99.9
0.3596 | 0.0868 75.88 0.2865 <LOQ >99.9 0.2617 <LOQ >99.9
40.29 3.585 91.10 47.76 <LOQ >99.9 40.16 <LOQ >99.9

15
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é—" Results and discussion

WHO guidelines

Slight to
Severe
moderate
<700 700-3000 | >3000
4502000 | >2000
=0-3 700 — 200
EC,
=3-6 >1200 1200300 | <300 1
= mg L
ECy Lt
=6-12 >1900 1900500 | <500 (meq L)
;C mg L1 960 (20)
W
=12-20 | >2900 29001300 | <1300 (meg L)
EC,, mg L1 61 (5)
=20 40 >5000 5000 —2900 | <2900
= (meq L)
Surface
o mg Lt <69 69 — 207 >207 mg L? 400 (20)
irrigation
Sprinkle meq L
L mg L* <69 >69
irrigation
Surface
L mg L <142 142 - 354 >354 140 (10)
irrigation
; (meq L)
Sprinkle
L mg L* <106.5 >106.5 mg L! 90 (5)
irrigation
(meq L)
mg Lt <5 5-30 >30 mg L* 194 (2)
(meq L)
1 mg L1 <5 5-30 >30 mg L1 78 (2)
mg L1 <50 50-100 | >100 (meq L)
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‘w’ Results and discussion

Classes of reclaimed water quality, and the  Reclaimed water quality criteria for agricultural irrigation
associated agricultural use and irrigation

method considered

Secondary treatment, Legionella spp.:
L . . <10 or below
filtration, and disinfection e T <10 <10 <5 <1,000 cfu L when
TR etection limit
Class A All irrigation methods advanced water treatments) there is risk of
allowed Secondary treatment, and 100 s s aerosolization.
disinfection - - - Intestinal nematodes
Secondary treatment, and 00 . - ) (helminth eggs): <1
disinfection g
All irrigation methods egg L* when
Class B irrigation of
allowed Secondary treatment, and irrigation of pastures
N <10,000 <25 <35 - or fodder for
disinfection
livestock.
Class C Drip irrigation only
All irrigation methods
Class B
allowed
Class C Drip irrigation only
All irrigation methods
Class B
allowed
Class C Drip irrigation only
All irrigation methods
Class D
allowed
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é'%’ Conclusion

= According to EU and WHO qguidelines NF/RO permeate satisfied the
requirements for reuse.

Depending on the membrane type the resulting permeate could be reused without

restrictions according to EU guidelines (Class A), but for WHO guidelines the
SAR and ECw of the permeate should be adjusted.

All detected CECs were completely removed by hybrid MBR-NF/RO process.

18
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Thank you very much
for your attention
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