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Bactericidal properties of different copper alloys

YANG Yan ZOU Zheng-Zhong TIAN Wei-Jia WANG Ge-Jiao~

(State Key Laboratory of Agricultural Microbiology, College of Life Science and Technology,
Huazhong Agricultural University, Wuhan, Hubei 430070, China)

Abstract: [Objective] Contamination of micro-organisms attached on surface materials is one
of the greatest threats for public health. Using copper alloys to replace stainless steel can re-
duce the use of disinfectants and the spread of bacteria. [Methods] In this study, the bacteri-
cidal abilities of different copper alloys through the survival of 3 Staphylococcus aureus and
two Escherichia coli strains five different bacterial strains were investigated. [Results] The
results revealed that the bactericidal abilities of the copper alloys are positively related to the
copper content; the survival of the bacteria belonging to the same genus are similar; there was
not direct relation between the bactericidal efficiency of the copper alloys and cop-
per-resistances; the bactericidal efficiency of the copper alloys appeared to correlate with the
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bacterial cell wall structures. [Conclusion] The copper alloys are good materials with bacteri-

cidal abilities.

Keywords: Copper, Copper alloy, Bactericidal, Staphylococcus aureus, Escherichia coli
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T AT R RIS
FERCR, KA AR f5 % MRSA (E. coli Candida
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MR ATFTHERL, Santo ZEWF5E T AR A& 1F R G 4
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1 MEEFE

1.1 HEE. EFERER

4 ¥ {0 1] ) BK T (Staphylococcus aureus)Fok
W7 (Escherichia coli)&— B2 B B By ) =32
WA, AAFSEER 5 PRIEVE N LR ERGER 1),
Hor HINS TR AR S 43 B S5 E 11, E. coli K12 H
Herp A REAFZEARE MG 2, HABTRIRSE B AR
HY ORI S2 0 . TR SR LB 1R (L L
NaCl 10 g, & F/iF 10 g, BERHZHD 5 ). wRkIG1L
T LB [ L, PR saiE T LB AR E:
FiFerh, 37 °C. 160 r/min $EI 5% 12 h, FPAH
PEF: 198RS R T LB Wik RE 73k, #£37 °C
R LGSR 16-24 h, ZEXHECP 4 .

S5 T FH A G 4 AR RN AS 5 SN Al 357 fh 36 1T
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Table 1 Strains used in the experiments

[Eal /=4 B A BRIRRIE S
Strain Gram type Information
ATCC 6538 G* Staphylococcus aureus ATCC 6538
CMCC 26001 G* Staphylococcus aureus CMCC 26001
HN3 G* Staphylococcus aureus (4% A #4550 1)
K12 G Escherichia coli K12
C118 G Escherichia coli C118

x2 ZWARSE. THNEREEAS

Table 2 Copper alloys and stainless steel used in the experiments and their components

HorhE
K H 4
S B2 UNS*%i5 Component (%)
Metal Type UNS number -
Cu Zn Sn Ni Fe Cr P

L C11000 100
Red copper
=
T C51000 94.8 5 02
Bronze
AL C26000 70.0 30.0
Brass
o S30400 0 8 74 18

Stainless steel

H: * UNS BEE SR KA 45— 5K R (UNFIED NUMBERING SYSTEM)4HE .

Note: *: UNS, UNFIED NUMBERING SYSTEM.

1.2 HHKTE LB 1EFE A Cu it

fisk Cu MR EE S 5 mol/L 11 CuSO, K1, fii
FHR B UE Rt 8 KT . Pl CuSO, B B il
Cu™¥eEN1.2.3.4.5.6,7.8.9, 10 mmol/L
(1) LB AR Ak, H 525 i HI TR bR 3 A [
Cu™ ¥k FE Ry LB [FIARRE 375 |-, 37 °C 595 24 h ),
WSS AR A R AF O
1.3 EHREARE SRR FE N L FIERE
B4 ZE

PAARTEA [V AR R AN S5 40 AR L A9 4735 B fa ]
FEITIEZ UL ICERI0], THA —Emesh. Hs#
HAl A MR TooK B BB RPE O, FETRS AT
R R RN 5, BMANTRA 20 |28
MR, FRRAAAH, AT K E LA
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TR b, S5 m— A A AR AR s X
M, TEER N S A SR LS IR —E IR, R4
MR %) 50 mL A ELCAE Th (% 10 mL KT PBS
VW, 10-20 MKEERY 2 mm BEEEER), IR
30-60s, J1I PBS #1TRFIMRE, M 3 PR HL
100 pL 4357 LB ~F-A, 37 °C 355% 24 h, 14,
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1.4 R NRATLIE
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TN —EZE RN SR HBINA 5%
Hh 5-30 s, FHI AWK RIS, R S5
BRIEBT /1S, LA BRAFRCR A 1E Ul . fe
Jer R SRR AR R K IR Ve i, FWOK 4685+,
A ToK LR IBRR AP RAT o X REAL RS
AH AR IS AR AT LA S R 20 5K

2 #HR

2.1 HI#KTE LB EFEP Cu” i

7E 1 mmol/L F1 2 mmol/L CuSO, ¥k LB
[ ARS-A Y 5 AR, Y T IE R R
3 mmol/L Cu** ¥ & %4 F, H45 CMCC 26001 7
A F T BT T 4 mmol/L Cu® ik EEfY LB
BRI RTAR LS, PR RN REIE &
KB .t -RnT LIS R 5], ATCC 6538,
HN3. K12, C118 RS KAy Cu™ ik N
2 mmol/L, CMCC 26001 Ay4Piitms s, REMSA4:
K7E CuPHe)EH 3 mmol/L &4 . AlIIA K
X 5 AR R BT SE A AL
22 £HEBEEKEETAR R F N
T RY7FFREEE

S. aureus ATCC 6538 i 4 # & N
7.516x10" CFU/mL .60 min Ji5, C11000 |- ATCC 6538
IR MK F] 5.794x10* CFU/mL., 7E C51000 4%

% BB PR F] 9.705%10° CFU/mL., C26000
I+ ATCC 6538 1%t FAIR 3 4.436%10° CFU/mL,
1£ C11000 # I BRI AFE 4 h P4=ER5ET, C51000
A1 C26000 #_FAHLTE 6 h PN ATBAETS, TMiAEEH
R 3.412x107 CFU/ML, TG A8k,
(I 1A),

S. aureus CMCC 26001 T# H & 14 He B Hy
7.328 x10" CFU/mL, C11000 | AYALE 3 h N4
HBAET, C51000 FIKAE 4 h N4iBFET:, C26000
F£ 6 h NARAETS, 1M 6 h BF AL A RS
“h 2.296x10" CFU/mL, Jo 48 fk (% 1B).

S. aureus HN3 M [ & H W E N
9.705x10” CFU/mL, C11000 I WYEIATE 3 h N
4=FRAET, C51000 A1 C26000 | HTE 9 h N4
FRAETT, M9 h BN EE AN LAY TR R AL R
1.222x10" CFU/mL (& 1C), A 2w 14 Al el A
A A AR A
23 KB EEARERAFHIRLTE
¥ B (8] 7E

E.coli K12 A2 4f ¥k i R 1.072x10° CFU/ML,
C11000 I BEAAE 1 h NAERPET, C51000 Ht
LIRS 3 h (N4HEFFET, C26000 H LAY FE 4
766 h NARFET:, 11 6 h I AR I A B A i
4 5.230x10" CFU/mL, JCHA A1k (K 2A).

%3 EWAEMKE Cu™ it

Table 3 Cu?* resistance of strains
TEAE] CuP* 3k BE (mmol/L) LB 5353t A K

rﬂﬁ%% Growth in LB medium with different concentrations of Cu?* (mmol/L)
Strains 1 2 3 4
ATCC 6538 + + - -
CMCC 26001 + + + _
HN3 + + - -
K12 + + - -
C118 + + — —

FE:+ BRSOV = BITERONL.

Note: +: Positive reaction; —: Negative reaction.
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Fig. 1 The survival curves of different S. aureus on
different copper alloy plates

Note: A: S. aureus ATCC 6538; B: S. aureus CMCC 26001; C:
S. aureus HN3.

E. coli C118 AR i 4y 8.426 x10" CFU/mL,
C11000 F1 C51000 I [ FE A TE 90 min P 435E
T, C26000 #ft I P EALE 3 h NAFFFET:, 1 3 h
AN E A B A%l 6.230x107 CFU/ML, &
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Fig. 2 The survival curves of different E. coli on dif-
ferent copper alloy plates

Note: A: E. coli K12; B: E. coli C118.

Wi A5k (1] 2B) o AN TR A B A AN 55 A Al 1
AWEAEAERK,

5 BREETEA R AR L K AR B angk 4
Fiin . Horf 424 (100% Cu, C11000)%} 5 #k T i 5%
TR E 781 R 5
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Table 4 The longest survival time of
bacteria on the copper alloys

e TR AEI 6]
@Sﬁfnﬁ( Longest survival time (min)
C11000 C51000 C26000

ATCC 6538 240 360 360
CMCC 26001 180 240 360
HN3 180 540 540
K12 60 90 180
C118 90 180 180
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ANTF JE 4 B A — i 25 57

AN, HEE CMCC 26001 #il ATCC 6538, &
1388 T4 v (A4 Bk, 11 . CMCC 26001 [
Btk T ATCC 6538, {H CMCC 26001 % 7E
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FHIA) o JIT LASE 025 SR 0 7 5 4 X Al R 9 R PRI AR
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RSN, oA — 8 B B2 E ORI AR S
AW AN, BB e RS E A B R,
AT D 240 B S 5 €5 7 25 BR R RN R AT TR 2 (]
R EBER 2R, Rk, W7 LI AR AR A A
PRACR 5 40 T O AT I RE 2SR A 6
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