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Abstract [ Objective] To make up for the deficiencies of traditional microbial determination method in water, a standard method
for detecting the adenosine triphosphate( ATP) content of microorganisms in water is established. This enriched the detection system of
microbial indices in water and provides a rapid detection means, thereby enhancing the detection capability of water quality in
Standard Test Method for
Adenosine Triphosphate ( ATP) Content of Microorganisms in Water ( ASTM D4012—23a), a standardized ATP determination

laboratories. [ Methods] Based on the method of the American Society for Testing and Materials

procedure had been established. Multiple laboratories had verified the limit of detection, lower limit of determination, precision, and
accuracy. This method had also been applied in the detection of the entire water supply process and ice slurry cleaning of water supply
pipelines. [ Results]  The verification result showed that the method detection limit was 0. 170 pg/mL, the lower limit of determination

was 0. 680 pg/mL, the range of the relative standard deviation was from 0. 6% to 17. 5%, the range of relative error was from =5. 7%
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to 8. 6%, the range of adding standard recovery was from 105. 7% to 125. 4%, and the results of the blank test were all less than the
method detection limit. The method application showed that the ATP standard method could reflect the changes in microorganisms
during the water purification process, the characteristics of water age in the water supply pipeline network, and the degree of microbial
contamination on the inner wall of the pipeline. [ Conclusion] The method has the characteristics of a wide detection range, large
concentration span, accurate data, convenient steps, and low waste and environmental protection. It can reflect the differences in water

quality, water purification processes, and water age. And it is suitable for the microbial total quantity monitoring of the entire water

supply process. It has been officially released as a group standard Determination of Microorganisms Content in Water-Adenosine

Triphosphate (ATP) Bioluminescence Method (T/SAWP 003—2024) and can serve as an effective supplement of the microbial indices

determination system in water.

Keywords  adenosine triphosphate ( ATP )

microbiological indicator
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(3) B FHE M 9 mL, 1 T % B FI 8 25 42
U,
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pe/mL, SFESAF G 50 mL i, ATP 1977 246 R

4 0.170 pg/mL, Ml 5E FFRH 0. 680 pg/mL,

F1 KBRS
Tab. 1 Data of Detection Limits
WS = Ji S
W7 55 2R
1 2 3 4 5
p(ATP)/(pg-mL™") 551 e 0.121 0.284 0.220 0. 547 0.315
52 il 0.115 0. 304 0.254 0.571 0.248
55 3 I E 0.115 0.284 0.254 0.552 0.248
55 4 il 0.205 0.311 0.215 0. 605 0.253
55 il E 0.097 0.307 0.225 0. 649 0.219
56 il 0.230 0.302 0.278 0. 629 0.238
55 7 I E 0.181 0. 244 0.259 0.561 0.234
F-HE (2) / (pgemL") 0.152 0.291 0.244 0.588 0.251
We X B p(ATP) / (pg-mL™") 0.133 0. 067 0. 063 0. 102 0. 096
FRufE 2 (S)/ (pgemL™") 0. 052 0.023 0. 024 0. 040 0.031
AHE)E 3.143 3.143 3.143 3.143 3.143
IDL/(pg-mL™") 0.010 0. 009 0.010 0.010 0.010
HE T A R/ (pg-mL ") 0.163 0.072 0.075 0.126 0. 097
MDL/ ( pg+-mL™") 0.170 0. 080 0. 080 0. 130 0. 100
LOD/(pg-mL™") 0. 680 0.320 0. 320 0. 520 0. 400

2.2 RBEE

S IGUESERG =X ATP WA= [ p (ATP) <
1 pg/mL) ATP R [ 1 pg/mL<p(ATP)<10
pg/mL] ATP H T B[ 10 pg/mL<p(ATP) <100
pg/mL]Hl ATP & BT ¥ B [ p (ATP) =100 pg/mL ]
HZE /b 3 AR EE AR e BE O AT A0 R A 5 U A
A RBUE I R 50 mL, 715 5 Uk R I A2 AR
BE . HFE2~385 AT, ATP AR & e B AR A B B
HEMR 22 0. 013 ~ 0. 061 pg/mlL, FH X 5 1 22 Ky
4.0% ~ 16.5% , th 2= %F W B9 p ( ATP) 24 0.027 ~
0. 125 pg/mL; {5 H Ve BEAE S AR AR 22 4 0. 06 ~
0. 71 pg/mL, FIXF bR e 254 1. 6% ~ 10. 8% ; 1 5T
AR A I BRE R 224 0. 42 ~ 8. 90 pg/mL, AT
FRUEMRZE A 2. 2% ~ 15. 2% 5 = Jo0 o ¢ B A i A0 s
2} 0.82 ~ 97.20 pg/mL, A XF b5 #E I 22 Ky
0.6%~17.5%,
2.3 EWME

25 B UE S 6 2R AR T 5 Bk B b
HEY R AT E AR IR S, Pk ATP B vk

FEERE S AR BERR S R R R ERE S R 1 2 1 kg
J5 AR b DRI 5 T30 A IR
MEARHED) [ p (ATP) = 10 pg/mL ] FYMIXS iR 22
0. 4% ~8. 6% ,FrifEY T [ p (ATP) = 100 pg/mL] Ay AH
RN -1.2% ~ 4. 6% ,hrfEY) IE [ p (ATP) = 1 000
pe/mL] B A X R 22 8 - 1. 4% ~ 4. 0%, 5 E 9 i
[p(ATP)= 10 000 pg/mL ] ) +H X 1% 22 H - 1. 7% ~
4.0% FRUEYI [ p( ATP)= 100 000 pg/mL ] HAHXHiR
ZN-5.7%~1.9% , SEFAXT IR ZE N 5. 7% ~8. 6%,

ATP AR BEAE S b B 117. 0% ~
117. 7% A% ¥ B i 09 0 A w1 26 28 120. 4% ~
125. 4% , i ¥ B i 19 10 A (810 R 2 105. 7% ~
120. 5% , SR IFRETCR A 105. 7% ~125. 4%
2.4 BOARE

2% 6 THT, Y BN R v 2 YR CER I G R
WIRFEHITE 1 min NPESE BT, D, F1 D, B Ry,
}0.05% ~3.50%,
2.5 FAAE

BT K K A KRR T KA ik
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T2 ATP AR TR R S AR 4 BE 45 R
Tab.2 Precision Data of Very Low ATP Mass Concentration Samples

WIES I = fi S
5 25

1 1 2 3 4 5 5
p(ATP)/(pg-mL™") &5 1 illE 0. 497 0.507 0.284 0.220 0. 547 0.315 0.155
552 Wil 0. 493 0. 466 0. 304 0.254 0.571 0.248 0.141
55 3 Yl E 0. 424 0.513 0. 284 0.254 0. 552 0.248 0. 126
5 4 Yl 0.376 0. 507 0.311 0.215 0. 605 0.243 0.112
55 5 Wl 0.372 0. 483 0. 307 0.225 0. 649 0.219 0. 102
%/ (pgemL™") 0. 432 0. 495 0.298 0.234 0.585 0.255 0.127
S/(pg-mL™") 0. 061 0. 020 0.013 0.019 0. 042 0. 036 0. 021
RSD 14.1% 4. 0% 4.4% 8.1% 7.2% 14.1% 16.5%
WeZEXT B p(ATP) / (pg-mL™") 0. 125 0. 047 0. 027 0. 039 0. 102 0. 096 0.053

F 3 ATP R v B A Sl oG 2% B 45 2R
Tab.3 Precision Data of Low ATP Mass Concentration Samples
BiE S = 5
e 5 5
1 2 3 4 5 5

p(ATP)/(pg-mL™") 51 E 7.83 5.38 5. 64 2.73 3.77 5.17

552 Wl 6.18 5.10 5.98 2.68 3.61 5.07

53 Wl 7.41 4.94 5.85 2.67 3.62 5.04

55 4 il 7.16 6.28 5.52 2.77 3.61 5.22

o555 il 7.97 6.08 5.49 2.80 3.54 5.20

%/ (pg-mL™") 7.31 5.56 5.69 2.73 3.63 5. 14

S/(pg-mL™") 0.71 0. 60 0.21 0. 06 0.09 0.08

RSD 9.7% 10. 8% 3.7% 2.2% 2.2% 1. 6%

F 4 ATP PSR BERE S DA B 4G
Tab.4 Precision Data of Medium ATP Mass Concentration Samples
. B e = g 5
1 1 2 3 4 4

p(ATP)/(pg-mL™") 51 i 17.9 57.8 23.9 20.0 45.6 17.9

55 2 I E 18.2 52.4 25.9 22.7 45.3 18.6

553 il 20.3 73.8 24. 4 21.3 43. 4 17.8

o5 4 W E 16.7 52.1 24.0 22.9 43.9 18.0

5 il 21.6 56.0 23.0 22.3 45.2 18.7

%/ (pg-mL™") 18.9 58.4 24.2 21.8 44.7 18.2

S/(pg-mL™") 2.00 8.90 1.10 1.20 0.97 0.42

RSD 10. 6% 15.2% 4.5% 5.5% 2.2% 2.3%
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5 ATP HER AR ORS  BE 44
Tab.5 Precision Data of High ATP Mass Concentration Samples

WIEL = fi S
5 285
1 2 2 2 3 3 4 5 5 5

p(ATP)/(pg-mL™") 5 1M  430.3  131.0  530.5  890.5 1194 142.8  380.3  135.2  109.7  237.5

2 WME  319.6  138.8  532.0 1026.0 1222 152.8  358.9  136.6  112.3  235.9

H3WME  440.0 133.3 519.3 895.0 1414 145. 1 385.5 136. 1 107.7 240. 9

EAXWME 4619 1448  467.8  849.9 1181 147.2  384.1 136.7  113.2  250.8

HS5 g 319.8 138.7 550. 4 823.5 1200 154.6  373.9 134.9 117.8 229.0

%/ (pg-mL™") 394.3  137.3  520.0  897.0 1242 148.5  376.5 1359  112.1  238.8

S/(pg-mL™") 69. 10 5.40 31.20  78.00  97.20 5.00 10. 80 0. 82 3.80 8. 00

RSD 17.5%  3.9% 6. 0% 8.7%  1.8% 3.4% 2.9%  0.6% 3.4% 3.4%

F6 HnikiESER
Tab. 6 Data of Single-Point Calibration
S WFSRE g5 1 BrE S % G T 2 BriiE SR = S 3 RS0 % G 4 RAF LR E RS S
D R, De. R,. D¢ R,, De. R,. D R,.

1 Dg, 19 910 1.70% 22 315 1.30% 17 213 1. 40% 20630  0.07% 21 028 0.29%
D¢y 19 243 21 748 16 744 20 657 20 905

2 De, 16 724 1.10% 22 420 1.20% 22135 2. 40% 21598  0.82% 20 814 1. 10%
D¢y 16 367 21 895 21 087 21 247 20 363

3 Dy, 23 298 0.77% 22 740 1. 10% 20 836 1.70% 20649  0.05% 21 688 0. 82%
D¢y 22 940 22 260 20 133 20 670 21 336

4 D¢, 14 798 0.08% 21 658  0.08% 20 836 1.70% 18480  0.93% 21 448 1. 50%
D, 14 821 21 691 20 133 18 827 20 804

5 D¢, 17126 0.92% 20 783 1.10% 19 347 3.50% 19 464 1.10% 19 820 0.92%
De, 16 813 20 337 18 044 19 028 19 457

VE D R T R

FE I 5E S5 R <Trvh A B, oA 20 3R e R e
MG A RLU {E#4<10,
3 FiEMA
3.1 fik&FiEsn

F K] B R - ARG MR BN P T2 6
ATP FRdE 30 F KT JRK R K T KA
MK AR, ATP 5 5 & B8 0,093 ~ 322. 387
pg/mL, L 10 AJRECT APT ¥ 1 B U5 2 i 1A
2, BBl 2 AT, RS4RI AT
ATP W BEX B W BEAIG, JU R 5 LA, ATP ¥R B F%
IR 97. 0% , B T B4 I 75 850 s b i b AR e
P 7K ATP S48 5 & e 8 R e
K, ATP T R EE K 15, 6 %, SO T A s b i A=

PR ; 0TI B RS ) P 3 AR P ATP YR
S LSBT T s A2 Ak I 3 S i A R S
ATP W AL 57K R i — B, L, ATP R ifE
T5 I RB 8 S e K T2 R P AR W B S A D R
PR K IR A 38 T T K 2 R B A 2
LAl
3.2 EBEMkEFEREN

XiF N /NSO R AT UK R T R i AR
] B R AL I X ATP FIA b BEHEA TR, ATP J5T 5 v
JEN 0.277 ~98. 554 pg/mlL, K 0.4 ~ 258.0
NTU, DA 10 SAREO bk g SR ot £l 21 18 3,
H 1] 3 IR0 ATP ¥ B RV ot 32 1) 722 A b 34 s A A
1L, S ST SR T T S5 2 AP R AR 0 A2 Ak 54 SR
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Fig.2  Application of ATP Determination Method through the Whole-Process of Urban Water Supply
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Fig. 3 Application of ATP Determination Method in Ice Slurry Cleaning of Water Supply Network
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SZ L ATP BERS S WA (W) P BE B A W 7 e B i

SR EFR BRI #bFE
4 #Hig

(1) ATP bRy ik & 2 5 L = Wik, 2 il &
BRERIRE SR TR 50 mL B, 7 4 R K 0. 170
pe/mL, P %E T R4 0. 680 pg/mL, A X} b e 25 R
0.6% ~17.5% , FAXTR 22 K =5. 7% ~ 8. 6% , Jhr 7]
W 105. 7% ~125. 4% , 25 R 245 R 35/ T
R,

(2) X K 4 ok 78 A I I R VE 8 3R
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