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Optimization of Filtration Membrane Method for Heat-resistant Coliforms
Detection in Water
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Abstract: Heat-resistant coliforms are a routine test item in Standards for Drinking Water Quality
(GB 5749 —=2006). The recommended filtration membrane detection method has the advantages of simple
procedure and low cost, and is widely applied. However, the accuracy of detection results of this method
is not good. Detection conditions such as detection reagent, consumables and culture conditions were
optimized , and influence of humidity on the growth of heat-resistant coliforms was discussed. The culture
medium, filter membrane, culture temperature and culture humidity were the key factors that affected the
filter membrane method results in the detection of heat-resistant coliforms. The optimized method adopted
commercial culture medium, disposable aseptic filter membrane and artificial climate incubator, and
controlled the humidity at about 40% , which effectively improved the accuracy of the detection results.

Key words: heat-resistant coliforms; fecal coliforms; filtration membrane method; enzyme

substrate method

BEEWE: ERAKETHEESHSEERFEEARFTI(20172X07502003 - 06 ,20182X07502 -001) ; IWFREARLUFEREIE
TRED(1s201712084) ; WHREAF RS SHAFRTEAZRE ST E (YDZX20203700001642) ; WWHREER
& TR E (2020CXGC011406)

BEEE:. BnE E — mail ; jiaruibao1968 @ 163. com

- 164 -



www. cnww1985. com

Eddr, 5K P K M BRI AR I R R AL

H3T A H12H

Tif K TR FRZE KA R, & — 25 7E 44.5
CHFEFM FIER ERK B R B IR < T A
FHEPE DR ARG 22 FR MR TE 2R AT R . AR 3
PR R K FREE e B M A RE A 22k IR 1%
FEVRE R T8 7R KA A 155 Y (1) SRR A 22 7K 5T s T
S5 R HEEZAER . 58K R E i
R VR A i 0 B A b S B K T 7 S TS Y i 1
Ol (TR K DA ARE) (GB 5749—2006 ) 4 fiif
PRI T RESAUE Y H B 5 E

T $4 K TR AR (AN v A 2 T R IR I L D
2 BERYNESE . 20 REEERAE P IRE MK
FEREIET ] 3 ~ 5 d, AS3E I F 7K i SR i B R 1
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1%, 52 B AR S5 ok )2 (i BOR B T R A D
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T AR M AR D A 00 92 79 = AR A AR
CHETR IR K bR HERL 30 07 1% U E 48 45 ) (GB/T
5750. 12—2006) FC 7K BT 2E K T AE 00 00 8 e
) (HJ 347.1—2018) , BLA A i 5 iL iR A%
PERL, W32 4500 X FRE M 1 e S BB K 55, %2 M)
TR AT B G I 25 SR A TR . ASBFSE N
BRFRHE BRFR A IR DL 356 25 S e A 245 SR 1) G
SRERYT TR, B0 0 108 RS A 00 i A A P TR 1 S R
b G5 A, SR 245 T By o A A ) S P i L
PRBE
1 M#EHE
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R F]: MFC 5555 5% (EC 55758 JCTH PBS ZZof
B A

WL A UER R T b b (B RR AT 4R
JEPE (FL42 0.45 wm  F42 50 mm) S uEes ST —
UHETC G R 97 FLAE 4%
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P BRI R K bR HERL B0 7 12 T 48 A7)
(GB/T 5750. 12—2006 ) H* (U8 B 3 617 FF T

JEMEIGTE © K I8 IR L, [ 52 38 4% , B B 100 mL
FEabIEASEST P Ah9E, BOR SR, 808 i 1Ay BT
MFC #5355 |, B P 44. 5 CRE3E (24 £2) h, B
R TR AROR I AR MFC 5 953 R v i
AR R AR A T D KB ik . Xkl SE
BREE EC 1IR3, 44.5 CHiJR (24 £2) h, )™
SNESEA T R A . BRI A B, B SRk |
DB BRI SR A D 25 R A 2N R T3 4
BRI B e X I L S U . P, AR5
MR TR IR DB BRI | B R Y
PR 20 Tt BRI AT BRI AGLI 45 SR A R
1.3.2 MRk

ST COKB B R R 26K B AR ALK s %
i IR I E AR 474 ) (HT 1001—2018 ) 4R fERY
S A SN, O R R AR A T T X
H 100 mL A (8 AJCERRE SO, AR SL AR R
LB 97 fLE LR )R B 1, 44,5 CH SR
(24 £2) h, BUB @R MR B arEIRfLiE
DA EAK i B4R BH A, T8 BH R 8 IR ALK, &8 MPN
AR (L
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KEoR ] SPSS 19. 0 BRAFIEAT & MR o
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2.1 EFEMRE

IR CAE TR R K AR HERL I8 T 0 T A W6 )
(GB/T 5750. 12—2006 ) MFC ¥ 322 i 42 , e il B
Frdk A AR 5 W SK AL TR 28 W] MFC R ah 8 77
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Tab. 1

=% MFC B FRER N R ETMRAXEEFE
Detection of heat-resistant coliform in quality control
standard samples by three MFC culture media
CFU + 100 mL™"'

Higrdk B Rigrdk C

SRR — 22 33 24

JRAERREE 17 26 21

W B —, BB (34 £7) CFU/100 mL, 22
JEH (6 ~184) CFU/100 mL; STttt —, BAHTE
(28 +5) CFU/100 mL, % 2% 3 [l (8 ~ 162)
CFU/100 mL,

Ti H HigRdk A

- 165 -



%374 #1248 P 2 K HE K www. cnww1985. com
F2 =% MFC 5 FERN SRR R KFEEE

Tab.2 Detection of heat-resistant coliform in actual

samples by three MFC culture media

CFU - 100 mL"™"'

WH | KEERA | B A | BB | iR C
FE 1 TKIEAK 226 254 212
FEdh 2 TKIFEIK 395 540 485
FEG 3 JKIEAK 269 350 279
Fih 4 JKIEIK 118 165 145
FESL S 7KK 151 185 170
FEL 6 7KK 68 80 85
¥ 7 TK K 25 31 27
FEih 8 )k 0 0 0

AL, ST it )T A K i TR AR ARSI« 5 e
B A A 7E AR LN, B 9 0k A A C A INMELTE 7o
VIV BN 5 R 280 S PR b i P K i 1 A A 041
FiFdk B > 55330k C > #5970k A SPSS B X A
an T ARSI Sy A R R (IS 5 2 A FsE IR AL B
Wit B fIRG Ak C 25 Ry EHF B E (p <
0.05) fl FHIEFRHE A PG IR C il 45 1 0 Wl 3
ZeFto WHEE KB, TEREE I W LA MFC 15 SR 5L 0T
I8 T WA A BFE, B MFC 355
P pH A, 38 AR A3 77 L JE VA e 25 5% (AT
RUREAR RS (i 22 5 #8 3 30% ) o i) BRI ik 52
B o 5 K 5 i) T ARG I R R A D 45 SR 1) AT
o SRS PR R AR B #E T A
2.2 BEFEEMRML

WFFE A BN, 55 5% P58 100 10 2 5 i) i £ K M 7
BEOAK . BUATFRYME GB/T 5750. 12—2006 HTiif 4
KGR ARG & A4, B & 355548
F2 By H P 7R A B K X R B R A T AR 2 A
RS TOTR SN B AR T e o R LA 5 e
TR GOE TR B N AR R T R B K e iR B
FERAVEAT XTI o

TENLAMEFE UL, g 20% 40% 60%
SAKEIRNLEE , S5 R ORGSR R 20% B, 1 57
FE )T 3L TR W RE R T& U, R 8K (A, E gL
W7 THEURIME (LI 1) 5 BEFR 18 5 40% i), 5 64
%, /MBS T80 55 518 60% i), 55
FRILN 5 T KR H R R AR 2R K ME LU i —
W% o BRI, N AR M B 25 AR 40% I i
TG BT ERE A A, 5 SLAR A0 I B 25 T
JERTE

a i b. AT
(MPE20%)

AEIEE TWHKEEEREELS

Colony morphology of heat-resistant coliform under

1
Fig. 1
different humidity
2 GB/T 5750. 12—2006 H i 8 ik 18 20
R IO 4 R ity BCRF U K AR 100 miL, 4l 98 5 0
MFC 55353 b, Ke-PA oo i) 2] & 7 B 7K U i 15 77
i (BOETLE 44.5 C KR 8% ~10% ) AT
SURAR (BUEIRE 44.5 °C BUEIRIE 40% ) NG 7
(24 £2) h, SRR, & H AN EA T o
PR A A I, N AU AR B TR 7 2 8 B SR
AL S 4, A T B K S I B R AR 1 IR 15 21 Y
[/ RN 3 oAU S [ Y =W R R
BRI 4528 O 25 .20 CFU/100 mL, 75 5 7 0
FRFEE T P 5 o TN T A A Joi 2 A A 0 45 2R
36,29 CFU/100 mL, £ J5t 454 FAE i Bl P (T o
PEAEELEM A2 S 2. 1 TR o PR
FEBL A SE PR RE TR PR AR D 245 2R T 2. 35 22 5+
(p>0.05,0L.33),
F3 AEIEFIEE I EBRAKFEM A EBEEN LR
Tab.3  Detection results of heat-resistant coliform in actual

samples by two kinds of culture equipment

CFU - 100 mL ™'
WH | KFERM | N | BKE IR R T4
Fiim 1 JK K 436 316
FEAh 2 FKIFIK 77 65
L3 KK 35 29
K 4 JKIEAK 135 120
%5 IS/:VIN 324 218
FEh 6 TKIFEIK 397 226
Kb 7 HT K 0 0
2.3 IEREMIE

SRRk JC TR SR (B M 1) AR 2 1
TR CUERRE 2) PIAP SRR B OE AT 1 i il T
TEREE R £LA2 0. 45 pum  BAE 50 mm [ BSIR 2T 4E R
FHT,44.5 C JRBE40% AT T R HE IR 4 B Big®
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(24 +2) ho 4R A, AT WA IR 1 A 25
TE SRR R B EE T R A, (DB 2 A 00 45 2R
TE SRR SUVEVE A, (EURS: D016 O 5 AL, AR 45
22005 45% F1 55% , T WL — Y TG T AR 3 A
TR o TR PRI X1 e 5 B 5 ik
SET B A JTOR A AR T v SR E 25 R YR
R4 FTIRER T R AREET P K B E B E
Tab.4  Detection of heat-resistant coliform in quality control

standard samples by two kinds of filter membranes

CFU - 100 mL ™"
WM — R TC A g L3 8
) (UEME 1) (JERE 2)
FEFEARAEEAT 1 36 13
A1 T 2 40 9
W BEbRAE, BAEYER (34 +7) CFU/100 mL, 722270
FE (6 ~184) CFU/100 mL,

2.4 EFIREFN

B TR R IRAEE R 5 it P K TR 2B R i
FHZEZ —,GB/T 5750. 12—2006 H (1) 18 Ji e 1% 55
TN (44.5 £0.5) C, 845G KA E R IR 46 58
PRiRYEfE )7, 8 43.5 44.0 44.5 45.0 45.5 C
A BEFRIE AT O RS . R — U TC TR U A
B35 B 38 GB/T 5750. 12—2006 114 8 ik v 452
VEAPBR MU 100 mL Jo7 450 i FIK AL, il 8 5 b
TE MFC 3557 35 b, 857 A 53 S 431 8 7 i B8 B0 K
43.5 44.0 44.5 45.0 45.5 CH N TSR N (X
BEIRAE 40% ) Hi57 (24 £2) h, Z5RIEES 6,

THA = AN £ AT, TR AR v A A A A
FRE BRI IEE SR, 3 e F) 5 7 T BE 2 40 ) i A K M
PR AP 2R 8 1) 30 1, S H R 7 1) B0

x6 IMIBRETRNSEBRERMNAXGEE

Tab.6 Detection of heat-resistant coliform in actual samples

at five temperatures  CFU « 100 mL ™'

Fedn | KEE

e | om 43.5 C144.0 C44.5 C45.0 C45.5 C
Fhm 1| KK | 2 2 2 0
Fedh 2 | KK | 13 14 15 2
Fiin 3 | KK | 19 18 20 6
fim 4| KPEK | 53 50 51 33 28
FEah S | AKJEK | 221 219 226 125 97
i 6 | KIEAK | 147 145 151 65 43
FEaR 7| K]0 0 0 0 0

2.5 FEMUHR

A O AT 5 5328 X0 Tk R TR R B 478 A
FISEBRARESEAT T . DAl 5 12 < 1 ) B
Fredk A TR IR T B L B A UAE R SR A (il
JE44.5 C JRJE 8% ~10% ) 8535 s oAb 5 Jr vk - fiff
PR IR B — UM TR B I N AU il
JE44.5 C JRJE 40% ) HiF7,

AL R T 8,
RT7OBEEFIERRY ARG RIS K EBE
Tab.7 Detection of heat-resistant coliform in quality control
standard samples by filtration membrane method and enzyme

substrate method

F5 IHRE TRAFEIRERA AR EHE PRACHTIRIR | DLAC/SUENE | RIS/
. . . e . m H #/(CFU - | ¥/(CFU - | (MPN -
Tab.5 Detection of heat-resistant coliform in quality control 100 mL") | 100 mL~") [100 mL~")
standard samples at five temperatures T FARE A7 1 10 36 59
CFU - 100 mL™" et bk — 47 2 8 40 65.9
BTgE| 43.5 C144.0 C44.5 C45.0 CE45.5 C W FRERRER, JENIREE B ELE (34 £7) CFU/100 mL,
FPEbRRETAT 1| 21 23 24 8 2 SUZEIE (6 ~184) CFU/100 mL; BEIRYIEFUE
PR 2| 20 %) 23 7 ) E?;£51;07;L1:/[PN/100 mL, 782275 [l (11 ~ 208)
Bsteke T3 | 21 2 | 4 9 1
T TR B ey T L A 25 S £ 3 R
W FRPSHRRE, BTG (26 £4) CFU/100 mL, #2251 T TR P, D6 A T I T2 0 I P AR/ T BR A
(5 ~141) CFU/100 mL, RN ZE R R A A . IR W 05 R 45 2R v T L

AI DL ,44.0 44,5 C WAL BE SR A A BT 4%
FEFETEREI Y, 1M 43.5 .45, 0 °C AN EE 50kl i
AEFEAE RVFIE N, 45,5 CHEFRMEW AT
FUVFIE BBl S B AR A 0 85 SR 5 o 45 o 2SR
43.5 44.0 44.5 °C =AM 5 p R 2485 SR TG I
PEZE R, 1M 45.0 45,5 C 20 T il 25 1 i 251K

TEFERE SRVFTL I A o 52 P /KR 1Y) B X Sk s A6 0
{6 : FEIRYIE > LS IR S > DUALRT RIS , fL ik
JE B R ACI (V] 3 v o 2 IUIF T o aiE s 1 DB
ey A TELN 7R Al A IE 2/ C C R [
LA IS 705 08 PR AGLIN m IO ORIA5 3 P T A I 1
TEVRPEVEREIRAE 1Y MU AR IR AT RE™
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Tab.8 Detection of heat-resistant coliform in actual samples

by filtration membrane method and enzyme substrate method

Kk {tf&ﬁw’sﬁﬂﬁ {ﬂt)ﬁ“aﬁﬂﬁ [i:337/ 74

i H el #:/(CFU - | ¥%/(CFU - | (MPN -
100 mL™") | 100 mL™") [100 mL™")
FEM 1| K IEK 0 2 3.1
B 2 | KRR 3 7 8.6
53| KK 19 30 33.2
FEf 4 | KK 25 38 53.1
FER S | JKTEIK 104 167 203.5
R 6 | KK 157 216 273.3
Feah 7 | th) K 0 0 0
3 it

@ M EATR I AR A AR I AT 7™ A 2R, B
VeI AR I TR E 5 4 1 B 7 B0 A, LABA DR A I 25
RBHERTE

@ AR A A T RO R A K,
“ELAE R BE A 45 R B SR AR A TR

@ BEFREETT M T PO TR A D 45 R A
APEEYE WSk e A i MEC 5557 2 2547 U Bk
i A 2K T R i

(@) BT ek g SR i KA I TR A 00 2 2R o
R I -3 IS N BB ORI S T e DO A U S FO
L, G e AT 451X 6 SR P R A

& SR JH i B A 7 i P IR — TG
UM N TR G IR AR SRR 44,5 °C 597
NERE 40% MDA A IE T U A Jo P A A I 45 SR A
FAETE R A
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