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Biological Safety Assessment of Water Distribution System Based on ATP Bioluminescence
Method

SUN Jianwei
(Shanghai Pudong Veolia Water Co. , Lid. , Shanghai 200127, China)

Abstract The biological safety of a water supply system in Shanghai was evaluated in this paper. The water quality indices including
ATP, total bacterial count, heterotrophic plate count ( HPC) and total coliform count of 4 pipe network sampling points and 9
secondary water supply sampling points of a water distribution system in Shanghai for 7 months were monitored. Results showed that the
biological safety indices were affected by the water supply distance and season, and there may had some risks in the secondary water
supply system in summer. Correlation study showed that ATP had a significant positive correlation with HPC and temperature, and a
significant negative correlation with total chlorine concentration, which could reflect the current situation of biological safety. Based on
the limit values of total bacterial count and heterotrophic plate count, the control limit values of ATP detection indicators were
analyzed, indicated that when ATP was lower than 1. 30 pg/mL, the total bacterial count and HPC at the sampling point could meet the
Shanghai water quality standard. In general, ATP detection technology was a new technology for biological safety assessment of tap
water. This research provides technical support for the subsequent biological safety assessment of water supply systems.
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Tab.1 Common Microbiological Detection Methods for Water Supply Systems
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Tab.2 Location of Different Sampling Points
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Tab.3 Technical Specifications of ATP Detection
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BT 9 YOKIFRINEE 5 6 e K B
R ABEKIURE S RT AL, /KB G ATP K TR V%
SR HPC ¥4 5°4 0. 27 pg/mL.0.75 CFU/mlL
#17.50 CFU/mL; % W RAE SRS ATP K5I | B 75
SR HPC $4{E 53518 0. 48 pg/mL. 7. 17 CFU/mL
F1133.75 CFU/mL; — R k7K ATP il | 7 7% S 2K
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AL R RAE B B K TR R AR L (FLRG ) &5 S 5%
B R SRR S A B A R — E
U

SYHTIT R KA 26 L 4 A W HURE S5, X6 E gk
B T, Bl e Bt A K BE S 36 nmi s in , ATP
B KT K B R S — 4 8 O HRURE s AR TR
e — A BURE RUB(E W B  THAR 45 i, AR S
s T B AR A IE AR

x4

Y% MBU/(CFU-mL™)

300

200 -
150
100

50

1 2 3 4 5 6 1T 8 9
SRR
(f) ZWPK R BB th 4527

oK R G 2 e brAs it

Variation of Different Biological Safety Water Quality Indices of Water Distribution System

FEZRBEACRAE S, e S AKCRAE AU W 48
Fa¥I i T2 5 R ACRFE 23, I rT UL, TR R 458
A2 A B AU T IR KR Y, SRR
B, 7K A 457 B s TR X6 7K v 90 8 300 5 o AR A 0 2 1
Byoarer g ol o X HOR Rl 2R BE A, T4
B+ R FR K N X Sk AK 83 s K BB 0
ERKIEZ  E C R 2/, P Sk KB B
K& S BRI 138.2% , HPC 271 131. 1%, ATP
BT 158. 8%, AT UL, X T T4+ /K A8 HEAK /N X
Tl A A BT K W 4 i A iR A R AR
VA P AR I L

AR ZETAAIME 4 Pin, ELXFE, DETY
TR, ATP T ¥ S U HPC b T 2 4F Fe AR K
W AR R R B SRR, R A P o hs AR,
ATP ZHTR SECR HPC & i o8 24 e, R, & X
BB e AR s HloU A B2,

TR =4S A ) 2 AR AR

Tab.4  Average Concentration of Biological Safety Water Quality Indices for Different Seasons

%S5 (CFU-mL™")

ATP/(pg-mL™")

HPC/(CFU-mL™")

ZJ‘SE—H—
b i B UK 7 B TR K i B UK
S 5.25 110. 48 0.71 2.55 216. 67 757.78
& 1.58 46. 96 0.30 0. 60 21.67 608. 52
X7 1.2 5.72 0.21 0.49 18.25 161. 11
2.2 HKERZEARHEKERXNNEEMZE ATP 5@ E AL (R=-0.565, P<0.05),

fetR I E EZH R

FE T BUBURE S5 /N AN R AR /K BT HURE S5 1Y)
Bl X = i A s s - A K BT AR A A OGP
HATHHT, 403k 5 iR,

— 166 —
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Tab.5 Correlation of Different Water Quality Indices
TiH ATP HPC RIS RS ) W
ATP 1. 000 - - - - -
HPC 0. 305 1. 000 - - - -
TR S 0.186 0.724 1.000 - - -
UL 0. 267 0.058 0.037 1..000 - -
T -0. 565 -0.270 -0. 094 -0.172 1. 000 -
L 0.363 0.322 0. 268 -0.016 -0.287 1. 000

0.322, P<0.05) ; 7% S E0R HPC W25 IEAE G (R=
0.724, P<0.05) , 51 B 3 IEAH & (R=0.268, P<
0.05) ; &V54 5 I B 1 3 17 A G (R = -0.287, P<
0.05) ; M 5 TR ¥ S 4k  HPC SFAHOCPEAR B 3,
FH U] DL ATP 5 HPC AR DG 3T, B3 I b iz
IR HR AR W R AR I, A2 T R R A S R
ATP Fl HPC ¥ 5 GG 0 25 T AH G, 5B IEAH G,
R, 7 5 il PR FH P o 1 6 S i A PR s it
KW ER4,

Xif b5 FE AR AE A7 B B, B R AR
RS EMT K A ST I P AE 0. 78 ~
1.12 mg/L, 2% (8 H—9 H) L& Z (10 H—K 4
2 H) W PR K B Y 2 5 T BOR AR S A
TR NS FRE, N 0. 78 ~0.90 mg/L; 4 MK i
2 B.C.D /NXFA LKA 4 5 7 BURAE SUBT A
AR A TR, 9 0.67~0.90 mg/L, 4%
SMOARIME R I A RIS, Ui = KA W
SRIHFERS m , (H N B SR I S SUE T =, )7k
GPEI B RS B ATP M E, K HKER
i e BE R 0. 63 pg/mlL, T T BURFE S ) ATP JiT

RN 0. 78 pg/mL, 4558 WERAE S R E K
RSN

TURBOK (R K P RSk ) B ATP B R
EIE R A RE WL, 0 HEUE e b — At
B, X5 Z R G IR A AR B M B 5T 45 1R A
—57, BAENIEE AR S, X it
BTSSR R oK it iy, R VR TE AR 2, T
AR PR BRI S RE RS, C /NIXAY 2 BERAE AL,
ATP W& LR ZHE W i & (9 DR 5 A
HUREE T 0.70 pg/mL) , HALESEE 1 B 1Y
AL (N 8 H—IRAE 2 1, ATP B BEAK, &
SR IN )  Tii HFN HPC | B8 7 S 800 a3 — 5
(8 H—9 H HPC FIA ¥ S8 I m ) . ATP 1Y
RN | R b 2 BT 3 — R S K T ) A
2.3 ETATP RN HKEZENREE
FRBR1ERF 3R

BEXT 9 YA INACHE AT e 2 A B, B 7
B HPC S LR 5 A b FRAEL AR 7 1Y) ATP 525
1B, FH Grubbs #6536 2 451 85 B8, FH T $00408 197 2
{E+3 bt 22 Al TR, Zei 25 R gk 6 R,

®6 ATP LWL A RAEIIHT
Tab. 6 Analysis of ATP Biological Safety Limits

N FRAE TFERESYERE AR EERNEYERE XN ATP F3E i, X ATP B2k
E 20 » . ) 4 4, BRI I 2 B
/(CFU-mL™") /(CFU-mL™") /(CFU-mL™") /(pg-mL™") /(pg-mL™")
VA S <50 93 82 0.51 0.43 1. 80
HPC <500 86 72 0. 40 0.3 1.30

I O E T I HPC B B T S Bk s v BR
XF A ATP BRE(E , S BOBGZ AR R A 4 K sl
AAHK PRIk ) B9 Y, RIS ATP itk
FE/NF 1,30 pg/mL 5 1. 80 pg/mL B, 43 B XF S
HPC FITR V& SEIGR 2 E 7 7 bR i (2R 5 TROH K

JKJEARUEY (DB 31/T 1091—2018) . X~ ATP JEi
{H5 ATP B (bR p s pt i @ SR (e &
/NF 1.0 pg/mL, NE2 R KT 10 pg/mL) 8 A
AT, R, B0 A FIWE ATP B iR EE AR T 1. 30 pg/mL
AIYEA ATP A A 92 A 4 il BIR AL
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MATP Rl 45 5 E , ZIRAEK 7K BTk /N X
TR AE 22, AU, e, A /NXE
FrKFE K E 2 ATP B e 4 0. 40 ~0. 96 pg/ml.,
FHP ek H R 1,01 ~1.73 pg/mL; C /NXFI D /)
XA B &, P e sk K R ATP J5 o 3k B 3k ]
2.53~17.67 pg/mL, TEE 2= MKE M KL KR
K BE R AR A R SR ABAE P e Sk K A7 A
—ER Y2 X, X K R G A
SURBER AR IEATHE ST, 2 THK % 2B RE S, AR
P 2. 2 AN MR S 45 51, B 5 R Wi 45 b
ARG, Uk, AT LA o R B R Sk K B BV
B PREE YA BT ATP FRAERIHE A s 1 B
i 8 ATP BT EEAR T 1.3 pg/mL B XA A 5
SR, W o A S A R A B R
TE, 25 R R ARV & T 0. 28 mg/L A,
AT DA /2 ATP s BEAIC T 1. 30 pg/mL, PREEAEY)
hr, P RS PR Sk KoK BT R e 2R
SE o BEXTRE AN K JRE s B A AU S A T IEA
NEEASERTT 14347 AT BEAZAE A Tl 00 R it
TK ZR G S TE R K (A6) A4 5 3R o AR W I ) AR
A A 5% B B ) S 304 T 2 R R A ek ) 2
JE B s YT B BE T 22 IR R 1 W
FEAm , Pl S R S8 N AT RBAEAE I (A1, AT HF et
FE PR AR B ROK
3 HAitERE

H T, HEK R D) B2 4 WU s A AR 2
SFEPR(ATP Y& SEUM HPC) |, Sk Y br sz 5
SRR, B 2 i B Sk /K AL v REAE A — 7 AU

AW Gt b 5 A K R BR 0 AH A 5T 25
KW ATP 5 A& W A (R=-0.565, P<
0.05),5 HPC 3 1EAH K (R=0.305, P<0.05),
SR B IEAHE (R=0. 363, P<0.05) ;HPC FlE
K EB L E A (R=0.724, P<0.05) , 5 EA B
FEHRAK (R=-0.270, P<0.05), 5 ¥ 5% 1A
K(R=0.322, P<0.05) ; &5 5l B 2 2% 1A ok
(R=-0.287, P<0.05) ; % 575 B4 HPC 45
AR B3, I n i, ATP 5 HPC M &4
U, BRI b S WK B iR AR I O, 32 A2 TR
MG, ATP HPC I Y% MBI 5 M A W
FUOMSC, SR IEAHDG, H L, e L EH AR P
Lo S i LMRBE K AE Y 4
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I O e L HPC K B v B K00 7 s o BR A
XN ATP FEE(E , HE RO R VAN 45 K 2k
FKAAKCHPKIES) Y i B ATP 5 v 3
KT 1. 30 pg/mL ATHIAEFIBAE S ATP A5 A= 4 %
SysHIBRME, 3T ATP BRI AR 0 A&,
MRS R T 0. 28 mg/L I, AT LU I ATP
SR T 1. 30 pg/mL, R4 M2 4

ATP A=W 5 A Jy 2 ELAT A6 D Ak % 5 | e
T S5 WK A v A= 0 i B4 R i, R K 2R 5 v g ke 28
KK BRI AR P AR 20T L2 0 N 0
e K RAAEYIEER T2 )5, fgilid ATP &
) R s A DA T 2 e A 0 i 15 O 5 2 IR K 3
J&i 33t ATP A BE K B 52 0 it R G A i 4
[) R0, 7 A5 T v R TH BE T, I ATP AR B8 A I I
NP PRI R RCR S R ST LAz vk — 2
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