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Abstract: The membrane filtration process has been increasingly employed for drinking water
treatment worldwide. The key to the successful application of this process is the membrane’s inter-
ception performance of microbes and other particulate matters which must last for a reasonably long
duration. The membrane modules used for drinking water production must pass the challenge test
conducted to determine the interception performance of the concerned microbes. Membrane integri-
ty tests must be routinely conducted to secure the membrane’s intercepting ability during the oper-
ation. This paper, as a summary of the Membrane filtration guidance manual issued by the Envi-
ronmental Protection Agency of the United States, briefly introduced the challenge test as well as
the direct and indirect membrane integrity tests; with a focus on the purposes, the principles, the
employed test methods and the inter-relationship of the three important tests. This paper might be
helpful to understand the membrane filtration process by water utilities and the authorities, and to
aid the domestic membrane manufacturers to improve the quality of their products and establish the
rejection performance guarantee system.

Keywords: Membrane filtration process; Microorganism; Challenge test; Integrity test; Inter-

ception performance;Drinking water treatment

(2012ZX07404002) »

Vol.40 No.3 2014 27



W

0 1
o (LRV)
) ( ) LRV=1log(C;/C,)=log(C;) —log(C,) (1)
o , (1 G G
o ( . ) ( )
) N \ )
. ., LRV, . ,
5 99%.
o ( ) , LRV;=2,
(challenge test),
’ ’ , LRV, o
o ( LRV:.Z=LRV:;) ,
’ , ( 1D
(Non-destructive performance
’ o test,NDPT), NDPT
(USEPA) 2005 { s LRV, . LRV,
»(Membrane Filtration Guidance Manual) 20 ,LRV.
e ; 20 LLRV.
e 10% (
' ° 90 %
LRV:),
’ LR £
¥ o ¥

’ o —
BEIE) K amnn

| ~DPT

i
WEEE I A N
e e ) [ arEn e
’ ° LRVprr
> 10U § =1/ min
| mmsemtem || mssestiin |
A

’ !

28 Vol.40 No.3 2014



NDPT
( ) , N
(direct
integrity test) (indirect integrity
monitoring) ( ID
LRV o
( YLRV. (
)IlRVDIT o
LR V[(\St ° LR Vl(‘st
(control limit)
(LRVy),
1 /d.
) 4 h 1
, (
) s o
( ) (control limit) ,

W\

( DR
1 /15 min, ,
2
(LRV¢ ),
’ ( 3~17 ]J.m)\
( 7~15 pm), ( 1~
4 p,m)\ ( 0.03~0.1 #m) o
5 (
2), ,

it
e
2 f
b
“ ”»
(surrogate particulate) .
b b
. ¢ la
tex) . ( ), , S.
marcessans  P.dimunita

. MS2

Vol.40 No.3 2014 29



o 3.1
LRV 6.5,
LRV, , , , ,
C )
10°°DL=>=C;>=10""e DL (2) ( ) o ,
(2) ,DL , (pressure de-
. cay) \ (vacuum decay) \
, o (diffusive airflow) (
) (water displace-
. R ment) o ) ,
( ) . 3 o
3 HF’A%D
’ Pea ri<* JEGHZE S
, UERIK —~ - Rk
. WAL
, (pressure- 3 [
based) (marker-based) ) , (Py,.Pa)
o , (d e »m)
(resolution) , (sensitivity) Py, = drocosl (3)
(frequency) d
o K 3
o J/m*;
o , 3~7 pm, 0— °
3 pym
i ( ) (BP), P..=P,+BP,
3 pm R (3) ’ (deap
(LRVy) ), o (0 0.
. (k ID .
. , 0 K 0 l.0
LRV 4 74.95 m]/m*(5 ‘C )
7, P.=%21pp (4
deap
(5)
(LRV,). LRV =log ( VCE o CP"QM‘ ) lo <7%CFAIC§R )
L8] . .
° A “loB(y¢E s sp v ®
. Q— L/ min;
Qhrem'l\ T ( )
1/ . o ’ ,L./min;

30 Vol.40 No.3 2014



VCF—— ( VCF  1;
,ZVCF>1),

100%,
Qbrca(‘h ]
(AP....Pa/min), AP..
Q. o s Qe

AP Qur =AP.u Vo /P s Vi
(L), Qir Qureaen
ALCR( — ) v Qe =
Q../ALCR, ALCR /
( )
, (1],
(5) ,Q, V, ,
AP , AP
( ) s
[dups (D], 4 ;
JAP. .
n AP s
AP
540,
APiest
n s
4
3.2

\S

(6)
LRV[)]T :log((jf) —log(C,,) ° (6)
CIi 5
C,—
3.3
( ),
(LRVy) ,
(LRV:) .
) 1, .
(log removal
credit, LRC), LRV
LRV,
(Qur)
o ) (5)
.~ Q, + ALCR * P,
AP(*I‘ VCF . 101‘[{\/(.1‘ . x/sys (7)
LRV, LRC , (7)
_ Q@ +ALCR- P,,
APycr VCF « 107 « vV (8)
» APycr
4

Vol.40 No.3 2014 31



o 3
:O
;@ ’
15 min 1 1O) s
0.15 NTU,
( 15 min)
0.15 NTU , 0
0.07 NTU,
0.15 NTU
0.15 NTU (
0.1 NTU),
o 0.3 log,
( /mL) .
4 ) 3. 5
log, ,

32 Vol.40 No.3 2014

USEPA. Membrane Filtration Guidance Manual (EPA 815-R-06-
009). United States Environmental Protection Agency, Office of
Water, 2005

Guo H,Wyart Y,Perot J. et al. Low-pressure membrane integrity
tests for drinking water treatment: a review. Water Research,
2010,44.41~57

Lok
. 2006

. 2006

,2010,36(3):17~20
,2012,31(5):18~24
Johnson W T. Predicting log removal performance of membrane
systems using in-situ integrity testing. Filtration &. Separation,
1998,1(35): 26~29
Bennett A. Maintaining the integrity of filtration systems. Filtra-

tion &. Separation,2005,42(1) ;30~33

O 1100084

: (01062781386
E-mail: wangxiaomao@ mail. tsinghua. edu. cn

:2013-04-07



