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VIRUS REJECTION BY ULTRAFILTRATION MEMBRANES AND
LOW PRESSURE REVERSE OSMOSIS MEMBRANES

HRERER” - LAk KIEE—HR* - MFE 2
Taro URASE®, Kazuo YAMAMOTO®, Shinichiro OHGAX!™®, Naoyuki KAMIKO®

ABSTRACT; Fifteen types of ultrafiltration membranes and low pressure reverse Osmosis
membranes were examined in terms of virus rejection by using several types of coliphages:

None of the tested pieces of membranes was complete barrier against Qf, which is the smallest

virus used in this study. Logarithmic rejection coefficient ® ranged from 3 to 6 for QB. Higher
rejection was observed for T4, MS2 and two types of indigenous coliphages compared to the

QB case. Neither molecular weight cutoff value of ultrafiltration membranes nor salt rejection
of reverse osmosis membranes had significant relation to rejection of virus. T4 virus which has
80nm of diameter leaked through some of the tested membranes. These phenomena imply
membranes have abnormally larger pores which are not included in the main pore size
distribution. The velocity variation method was tested to obtain real rejection of virus from
observed rejection data. Smaller value of exponent in the laminar flow mass transfer equation
than 0.33 was adequate in the case of larger solutes and high flux. Real rejection coefficient of

QP was estimated 2 to 3 of @ higher than the observed rejection coefficient.

KEYWORDS; Membrane separation, ultrafiltration, reverse osmosis, coliphage, virus,
wastewater reuse.
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TABLE 1. The list of membranes used and experiments done.

Name Nominal Material Module Experiments done
cutoff PEG Salt QB8 T4 MS2 U1, U2 INL
IRIS-3065 0.1um Polyvinylidene fluoride Flat sheet (U) 6 - 0 0 - - -
TS-1000 1,000, 000MW Poly sulfone Flat sheet (B) 0 - 0o - - - -
UK-200 200, 000M¥ Poly sulfone Flat sheet (B) - - 0o - - - -
[RIS-3065 200, 000MW Polyvinylidene fluoride Flat sheet (U) - - g - - - -
Cefilt 50, 000M¥ Ceramic Monolith 0 - 0 0 - - 0
IR1S-3065 40, 000MW Polyvinylidene fluoride Flat sheet (U) 0 - 0 0 0 0 0
[RIS-3038 20, 000MW Polyacrylate Nitrile Flat sheet (U) 0 - 0 0 O 0 0
IRIS-3026 20, 000M¥ Sulfonated polysulfone Flat sheet (U) 0 - 6 - - - 0
NTU-3030 20, 000M¥ Poly sulfone Tubular 0 - 0 0 - - -
NTU-2020 20, 000MW Poly olefine Tubular 0 - 0 - - - 0
Cefilt 20, 000MW Ceramic Monolith 0 - 0 0 - - 0
UK-10 10, 00OMW Poly sulfone Flat sheet (B) o - 0 - - - -
NTR-7410 20%Desalin. Sulfonated polysulfone Flat sheet (R) 0 0 0 0 - - -
NTR-7250 65%Desalin. Polyvinyl alcohol Flat sheet (R) 0 0 0 0 - - -
NTR-729HF 93%Desalin. Polyvinyl alcohol Flat sheet (R) 0 0 0 0 - - -
NTR-759HR 99%Desalin. Aromatic polyamide Flat sheet (R) 0 0 0 0 - - -
TABLE 2. Composition of broth.
Poly peptone 10g
IN CONCENTRATE INL CONCENTIT*ATE Yeast Extract 5g
MgS0.«+TH.0 0.2g
ll }T MEMBRANE S/PACER | MnS0. - 4H,0 0.05g
é?‘e—e—!-!!!-eé:/ """"" NaCl 5
/ Glucose 1.5g
(100cm?) SUPPORT (60cm? ) Water 1L
FILTRATE FILTRATE pHl is adjusted at 7 by NaOH
FLAT SHEET (U) FLAT SHEET (R
TABLE 3. Composition of
- PEG solution.
i g%s —_ CONCENTRATE 2 SOLILIOn
= r_r—_’ Polyethylene glycol #600 0. 5g
= ) ' Polyethylene glycol #4,000 0.5g
(26cm) 740cm2)1‘ Polyethylene glycol #20,000 0.5g
buff 1L
| —MAGNET FILTRATE .MM Phosphate buffer
MEMBRANE
4—-
FILTRATE SUPPORT TABLE 4. Composition of composit
MONOLITH _salt solution.
FLAT SHEET (B
" KH2PO. 43. 9mg
IN =5 g NaN0, 98. 6mg
CONCENTRATE _'L,___._—\ KNO:; 144. 4mg
l ' NaCl 49. Smg
MgS0.- TH:0 17. Omg
FILTRATE H20 ‘ iL
2 pll is adjusted at 7 by NaOH
(340cm”)

TUBULAR

Fig. 1. Illustration of modules and their
effective surface area of membranes.
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Fig. 2. Initial changes in concentration.

Flat sheet type module was used. Fig. 3. Initial changes in concentration.

Tubular type module was used.

o —
~ op Cefilt 5 [©ONTU~-3030, Tubular
0 PEG#600 20,000 ® TRIS-3065,Flat sheet(U)
g 10 @ (40,000) o ®
g o 4r °
0 o ®* o °
500 o 3 8
o+
=
Q 1L 1 1 1 i 1 1
0 7
~ 1 2 3 4 5 30 24 0.5 1
Time[min] Crossflow velocity u
[m/s]
Fig. 4. Initial changes in concentration. Fig. 5. Effect of crossflow velocity on
Monolith type module was used. rejection of QB.
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® of QOB
Name Nominal a1 2 3 4 5 6 7 ., ND
cutoff T I I I I T 771
IRIS-3065 100nm 2 H@—
TS-1000  1,000,000MW 2 —@—
UK-200 200,000MW 1 ®
IRIS-3065  200,000MW 1 ®
Cefilt 50,000MW 1 ® J
IRIS-3065  40,000MW 13 ¢ L |
IRIS-3038  20,000MW 11 ——
IRIS-3026  20,000MW 5 —e—i
NTU-3030  20,000MW 4 —e— _
NTU-2020  20,000MW 3 |—e—
Cefilt 20,000MW 1 ®
UK-10 10,000MW 2 o o
NTR-7410 20%Desalin. 1
NTR-7250 65%Desalin. 3 H—eo—t
NTR-729HF 93%Desalin. 2 rYy
NTR-759HR 99%Desalin. 1 °
| | | L | | L /7 |
77
1 2 3 4 5 6 7 ND

Fig. 6. Effect of type of membrane on rejection of Qf.

TABLE 5.  Effect of solution environment on phage decrease coefficient.
Kd[hr™']

Environment Minimum Mean Maximum St.Dev. Number of sumples

Broth 0 0.007 0.041 9

TmM Phosphate buffer 0.023 0.57 2.5 0. 68 22

1mM Phosphate buffer 0 0.12 0.39 0.09 34

3.4 FyxFvrys)a—nofEiEERE QL DHIERORER

FYZFLY Y a—- QB ESMULIRETOERET. BEMIFOPEGH20, 0000MIERE Q 8 DREIER
270y b LIERER- 7 10RT o ARBRTHWRRA A8 E & 220, 0002 0N B FBRAH > C
&p 5 | PEGE20, 000 DFHIERRIL . AR TH W RA ABROSEIEERET 2HIETH L EELB
DT E %o PEGE20, 000DFHIEBOE VIR . Q 8 DMIET bEVMARNC i35 545, TIRIS-3038 (PAN20, 000) f&
D& 5 ICPEGOMIERIZEL THQ SOMILRIE VD & 725 IRIS-3038 (PAN20, 000) iz | 3K DI
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Fig. 7. Effect of PEG rejection on Fig. 8. Effect of NaCl rejection on
QB rejection. Qp rejection.
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DHEIEBOEDNE D 2100 £F 3 7BIEEWNS Fig. 9. Relation between Qf
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7BIR‘IS—3038(PAN20,090)\@&?&1\ TABLE 6. Rejection of MS2 and indigeneous phages Ul, UZ
BIOHET, TADOHILLTH S C compared with rejection of Q8.

& TR L7z IRIS-3065(PVFO. 1 um)

) D [ )
DETR . DFLBIHGLT Q8D Membrane Ul U2 Q8 | MS2 QB
PEIFRIZENS DD T 4 OFEIERIZE [R1S3065(PVF40, 000) 3.37 3. 80 3.31 1 3.714 3.8
1R153038 (PAN20, 000) 505 4.5 4.34 ] 4.97 3.51

75")7:0

QB, Ul, U2%EBHcimL/SEE0MEREMS 2 OIEREEZ— 6 IKRT. ORI, IRIS
-3065(PVF40, 000) & IRIS-3038 (PAN20, 000) BEIC DWW T DAIT o720 UL, U 2 OFHII&EM S 2 DFFEIL . Bl
DR TRIRLADOT, QB DOMIERIFRBR TR S, THEOKBHE Y 7 — POMIERS Q 8 DIHIER
EREBERE» 7. LB L I (AZE. TFE07 > —CoRIERIZ, QADMHIERED HEL . &
Nk, QBWKPIEET 294 VADIHTONSWERBUCES 5 T Lick b, F72. IRIS-3038(PAN20, 00
OIRITBNTIZ. MS 2 OFHIERPO=5.0T. QA DHIETED b XKEH o7, IRIS-3065(PVF40, 000) &
Tk, 91 VAT X BHIEROEIINE -1,
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Fig. 10. The plot based on the velocity
variation method. (b=0.33)
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