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Abstract: Comprehensive biotoxicity indicators have been considered into environmental impact assessment
system of wastewater treatment and discharge in China. However, the traditional methods of biotoxicity assessment
face two risks of incorrect acceptance and incorrect rejection. According to Accreditation Criteria for the
Competence of Testing and Calibration Laboratories (CNAS-CLO1: 2018), laboratories should consider the risks when
making conformity assessment. This study investigated the uncertainty evaluation of the luminescent bacteria test for
the acute toxicity of wastewater, involving its conformance, uncertainty, and non-conformance zones (Geometrical
Product Specifications (GPS )—Inspection by Measurement of Workpieces and Measuring Equipment—Part 1:
Decision Rules for Verifying Conformity or Nonconformity with Specifications (ISO 14253-1: 2017)), using the
pharmaceutical wastewater sample close to the discharge limits. The results show that the conformance, uncertainty,
and non-conformance zones varied depending on the r-value of the standard curve and the precision of the
measurement. The conformance zone decreased and uncertainty zone increased with the | r|-value or the precision
decreased, which made it impossible to reduce the risk of incorrectly decision by setting a “guard band”, and greatly
affected the accuracy of the acute toxicity assessment. To solve this problem, a Welch’ s ftest was introduced to
assess whether the acute toxicity of wastewater was conformance by comparing the relative luminosity of the
wastewater with that of the 0.07 mg-L™" HgCl, solution. If the relative luminosity of the wastewater was higher than
that of the 0.07 mg-L™" HgCl, solution, the acute toxicity of the wastewater was conformance, otherwise the acute
toxicity of the wastewater was non-conformance. This study clarifies the limitations of the national standard method
and the acute toxicity assessment by carrying out the uncertainty study, and proposes an improvement, which
provide an important basis for the scientific assessment of the acute toxicity of wastewater.

Keywords: assessment of acute toxicity of wastewater; luminescent bacteria test; HgCl, equivalent concentration;
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SYYNRE 5237 A B A 0BG A W B PR AN, T
F5PUAE H (antagonistic effect) , 7 37 /F FH (independent
effect) N AI1EF (additive effect) 113 [7] 45 FH (synergy
effect) , 2542 A %8 4 RIS (i Bty o 17 7™ = gy, A
AR 155 0 TR LY QLN B K A 3 T e - B SR
WIHERR BT 0 A S Al R A N AR M
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FEMA Y EEEARTFBT

MTAFR TR A X Tl 7K Ak 3R HE R A
S PP A 2R T B — A 8 A ) 2R W B PR 25
AEPRIE T e S 2008 47 IR E AE ] 25 Tl R 51

HEARE(GB 21903 ~ GB 21908) W k51 A T 254
BEPERE AR , SR RO G TRVA R K 255 B HETL
FRAEH 007 mg- L & ARFEM @GR 1), HE,
TESEBR 7K AT 0 v i B DX 3 R A B —
Rty T=N v 2 ORI w3 & i N = Bl | b ot
S5 AT HE R PR A B, 2 AR i 4t SR K 2k
BEVEG M BN G A% AT BEAETE R I KU, < A6 I
RS B %8 BE 7 A AT #fE ] " (CNAS-CLO1: 2018) 45
AR S RGBSR ERT G 7 B I S N
JE5 T FH DU A 2 4 JRUBSE 7 SO T AR 4 < 0 i A
S5 4 53 I N A B AR AT R R
(ISO/IEC Guide 98-4: 2012), 2435 i At KM 4% SR 10k
FFRF G PRV I, 25 A Al i 1 426 52 RIS 1% 1) 4 4
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AV TEN T I R ST  4R E PE AR

7 b LA R FLE(GPS) A 1 00 2 A 56
FE S 505 1 305  Fe A 35 — SR B — 2
PR H 7 B (ISO 14253-1: 2017)" 5k 7™ fib 42 KA
B UEB A% BN G A% 10 0 8 BT T PR i L
LEAT IR T AN BT A A e B, ARSCEET
ISO 14253-1: 2017 43 &G4 F 5 1) JE I, 38 2o 0 1
K St IR T R ) N R T, FF 4G
A2 PEFEPERR Y 0.07 mg- L' AR 2 &, XK
IK2MEFEVE B A& VR AR TE A MR AT T )
Bt , BB AT AR 53 A7 07 0k S K 2tk 2 v T
ATTERY R BRI 78 A e A8 B0 A 738 vk B % /K
SETR PR AR 0 SR I R el 2 DA X
1R K PR R T I BT B (LR A B

1 ##57 % (Materials and methods)
1.1 AR5

SR B Re A A A B v A (DXY -3 Y, ]
Pl b st RISk (o rall, 2
T PRk ) E AR (oA 2, T M Ak 2 i )
J7Y s BASE R ICAF I T, (WL H6 R F A R A R 53
EAFD,

M AT AR 25 R KA
1.3 RICHNBE St a0
1.3.1 Jkrik

WK T 2EREERIE K OCAN TR ) (GB/
T 15441—1995)"" % PR AKAE S ZEA T3, 78 PR KRR
s I AR AN, WE 2 mL R KRR S =
B FEIA 10 WL KOG, HERR K 15 min J5
WAL, B — 2 - — %
1A 3 A4 T 3 A48

1.3.2 Z53TE
(WAXT R T(%), IHE AT .
T:LLCleoo 1)

R T RAN R G (%) ; L AFER A &G (mV);
Loy A7 AE KGR (mVY),

@)FERT R ICEE BEAME T(%), HEARIT .
T +T,+T, 5
EEre— )
K. T AN Z M (%); T, . T, . T, NF
71 A7 2 AT 3 AN RO (%),

G)EAL R TN Y Qmg-L ™), IHHEAXTF .

T=

1.2 BRFEX4 o T-a o)
AR SHO R IE 0.07 mg- L™ & AboR B 1 b
R HIHBEAKHER AR
Table 1 The discharge standards of pharmaceutical wastewater """’
o - A PE PR LR B P B (mg L)
e S Acute toxicity (HgCl, equivalent
Standard Standard numbers

concentration)/(mg-L™")

RIS 2 Tolk K 5 G HER b e )
Discharge standard of water pollutants for pharmaceutical industry
Fermentation products category
B R 25 Tl K 75 Gy HE bR )
Discharge standard of water pollutants for pharmaceutical industry
Chemical synthesis products category
(RIS 25 Tolb K 5 G P HER b ot )
Discharge standard of water pollutants for pharmaceutical industry
Extraction products category
A 25 Tolb K 5 G P HER b o )
Discharge standard of water pollutants for pharmaceutical industry
Chinese traditional medicine category
A AR 25 Tl K 75 ey HE bR )
Discharge standard of water pollutants for pharmaceutical industry
Bio-pharmaceutical category
CIRZE TS 25 Tolk K 75 Gy HE R bR )
Discharge standard of water pollutants for pharmaceutical industry
Mixing/Compounding and formulation category

GB 21903—2008 0.07
GB 21904—2008 0.07
GB 21905—2008 0.07
GB 21906—2008 0.07
GB 21907—2008 0.07
GB 21908—2008 0.07
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s, MRS AHXT & O BE B AR EAN 22 (% )5 s, M

0.07 mg- L™ SALTRAXT &G RE AR E IR 22(% ).
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4007 mg- L™ EAL RN 1780, — 9, B F
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24 5, <s, .

Hol A,

=% (5)
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[FREAT F A6, Bl =005 K F 5 F, (n,-1,
,-D)FT I, Y F<SF5(n,—1,n,-1), 3232 J5R
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W AT 224855
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QUUEASETT 25 th 5
tEFE T O
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A drie PO
df=n,+n,-2 (7)

K. T, 0 FE S AR XS &6 B {H (%) T8 0.07
mg - L™ G TR AR & B 21 (% )5 s, A AR
Xt R CRE IARHEDR 22 (% )3 s, i 0.07 mg- L™ G kK
FEXS & R AR IR 25 (% ) s n, SRR SR DN A 74K,
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B9,

GYBUFEA S 7 22 ¢t Koy
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()7 A TR, LA 2 PO Ik B 22 5%

i MOEE

2 EEMNLHWAHEERIERENX (Source and
quantification of uncertainty of quantitative test)
2.1 ANHRE BE R B R A

HRA AT P 24 i A 72 S A
LR 75 BT A RSB R SR U AR f i RN A 1
JoR,

FRARE AN 2 B s B TR A U =
ABIER T, MAKG)T KN

L, f[ L,- f; L, f;
( + + )x100
Ly, - fCKl Ly, féKZ Leys - f&m 2
C= 3b (10)

. £ SRR A R I R P AL IE B, B
WEEN 1 HEARX IR ); £, HEEAKRCRED
B R E N BeE N 1 IR AR S
K(11);n=1, 2,3, 53 5CE AT 1 472 P47 3,
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T EARR Sample
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[ERlTEA
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S Jowan fu S A
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reaction time

B1 SHURSHYENENTIHEESETEE

Fig. 1

KAER T £, BHRA R TR AL
£,= Bieggn ™ Bivien* Grssiinen* Bz pionsinn (11)

Avpﬁmﬁﬁmﬁmmwﬁ&£¢M@%r#m
& LS R0 25 5 RS I S SRR IR R T
B 1 Ly, WRRS IR 22 AR 22
SRR A0 B R 1 22 S AR IR B I
H 15 By o NS RE D BB IR BE (9 0 B B 1k
SERE R -, B 1 £ g o MO ]
AR IE R B By 1,

H b RN B O3 s i B AT A ]
UL HEARXS A BE T I v 3 3k 8 v A 52 i)
KR % (B4 50 R 28 AR TF R, HAR 101 R
R AT R R LORARIL, TR AR X &
SR Tr=Asgma, UL, AT DASE i 52 Bril i 72 rh
1Y H I PR , 25 B 75 4848 ARSI PR 1 R AR R 01
FE T A s, O ko BISEAT T4k, an &l 2 B
o W2 IO CHORE & 70 =R A, £
FEARMEMMEAMERI AT E FE uy(O) AT RN T 1Y
AHEE ol T)FIREAE A BUE LI AT E B u (O),
AT E 5 u,(C) u( T)F u(C), FXTA
B B S EA T A A, B AT 15 21 K S s R
WiE R ulO),
2.2 HAEAHEE

XoF 1l 245 R KR it (R A R B 2 50 0.069 mg -
L O)IF AN i BEPEE , AN & B2 4 il = 43
N, AL AE bR AE 2R HE R AT E JE u,(O) AR &
SR T WOARHEE o T)RR (0 508 20 B0 AR o
EE u(0)o
2.2.1 AriERTEAHER AT E L uy(O)

Pt B 2 ) AN B, (C) e i TSR v

Uncertainty components chart of determination of HgCl, equivalent concentration

M R APRIEZE s DAL SR BEVE i C RprifE
MZEAGTHE sS(OfFE], XK A h 2
JERAIE 3 U AR LR 2,

Bl AR E

Standard curve

A

T b
Rounding off for
report value

P v A A I

Standard curve

C ) C
Rep%g\;rﬁit/ /

T s ttnesy
Rounding off for
report value

B2 SURSHEYENEBUEHNIHEESETEE
Fig. 2 Uncertainty components chart of determination of HgCl,

equivalent concentration after simplified

MR 2 R R F e/ 3R e R ME Rl SR 15
r=-09116,a=1153 ,b=-588 M [a G th < 5N T
=-588C+1153 R b2z s

——ZU“T)—BS
n-2i=1

SR YR 0.0689 mg - L™ Yl 25 5 K
K&, H €=0.0689 mg-L™" W& L REEM Y5 CH
FRUEEATREFE u(ON

n(C) = 5(0) = L (CT (T‘
pifesta}

198x107 (mg-L™")
UHARXS AR HEATA E L 0y, (OH

(C) 1.98x1072
ubrel(c) g 0 0689

=0288
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FEVPRE B T A5 21, 5 P8 a0 R A S 5
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MR BHE T 3,

X ENCE T AR EARTEE u( TYN

s 108

=2 ="2-623 (%
U()@ 5 (%)

o MXFEICE THES

DU AR XS AR VAN RE E u, (TN
u(T) T) 6.23
748
MR SN Y CHIEG)ITR .,
niel AR T RS THE C AT E
JE u(O), it B AT, Ui ERHEE a AR b R
T

u(T)= —52=834%107

RAENE S« B /K S Mg PRI B AR v AN M 9 S Bt D ik 267
_9710 = | (T-ay = _u(T)
u,(C)—aT u(T)—(b) u(T)—T)‘ (12)
1l
_u(T)_ 623 _
ul(0) b [-588| =1.06x107* (mg-L™")

WA AR EAHIE E u, o (O)N
uT(C) 1.06x1072
(O 0.0689
2.2.3 %ﬁ%ﬁ@%ﬂ%ﬁ’a AT u(C)
GB/T 15441-1996 A X} G Al oK B 1 Y 5 1Y

518 W PR B A BGHEATILE , S5 HERRAE 0.07 mg

L7 B RS EB 2 2/ N R 56 3 0, HAUE B 29
[E]F% 6=0.001, W% 2= X [E] /9 >F: 56 2=0.0005 ,#%35%)
o3 S T k=3, BB 297 A AR T AN 1)
ERE u(OH
a _0.0005

u(O=" 5

=0.154

=29%107* (mg-L™
g

F2 SRREMGRIAXZAE
Table 2 The relative luminosity of HgCl,

FAACTRHE (mg- L")

Concentration of HgCl,/(mg-L™") Ti% L% L% Tr%
0.02 1034 893 1182 103.6
0.04 1225 113.8 98.6 1117
0.06 106.6 100.9 1156 107.7
0.08 62.65 67.10 54.73 61.50
0.10 5495 38.64 48.36 4732
0.12 28.89 2649 19.64 25.01
0.14 6.107 5.536 13.59 8410
0.16 0.7526 1.188 1.737 1226
0.18 0 0 0 0
020 0 0 0
022 0 0 0 0
024 0 0 0 0

H T Ty Ty 30 FAT 1 ST 2 AT 3 B R IGRE s T AR RGBS 35 1E

Note: T, T,, T; is relative luminosity of parallel 1, parallel 2, parallel 3 separately; T is mean value of relative luminosity.

®3 BEXNEEE TEENREE

Table 3 The result of repeated measurement of the relative luminosity T

v o — .
FEfi T, /% T,/% T,/% T F3 (Eﬁfn s %
Sample Standard deviation s/%
124 % 71

25k s i n . "

Pharmaceutical wastewater
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2.2.4 BHAHEE ul0)
AL TRTENE 2 1 A I 5 45401 AN 2 Y
Wk 4 Fw,
FALRTENE M B C BRI A bR HE AT E
uCrel(Qy\j
Uay(O)=

=42x10"

LIZMel(C)+llzne1(C)+llznel(Q =
0.2882+0.154°+(42x107°)* =0.33
W AR EATE EE u O
u(O)=1u,,(C)xC=033%0.069=0.022 (mg-L™")
PR E E U@ il &+ k=2 it
AR Hp
U(CO)=k-u(C)=2x0.022=0.044 (mg-L")
BUDXSF T2 2 R K R i, A OR B o
(0.069+0.044) mg-L™" (k=2),

3 Z5EI097i2 ( Results and discussion )
3.1 SRR R VEMN 6 24 K 2tk B AR AR Y
JR R

MR 1SO 14253-1: 2017")  LE AT B REITE R,
T B2 RO FE S, e BRI 24 K b 2tk B
PV I FRAE AR . 0.07 mg - L™ &AL R FEE X &,
T 22.4 W1 0.069 mg- L™ RGN 25 R KRS
WAL A Y A E S, A RS RN
(0.069+0.044) mg-L™' (k=2), EI(0.024 ~0.114) mg-
L7'95% BEMR), H T4 RyGH R E 55 7 s
DI, 2 D0 1) SR — (B E A T TEAN RN
B8 FE RS DL T, IG5 ) T AE R 23T 50%
AL ASHSE BE R IR K S BV DPAN A BB,
ARG I 45 ST DA B v S 6 Z50RE AN B 1 BE ARk

KR ZMATL &, DUkt e kAR A
3.1.1  ANHE BEXT IR K 2V RETE A% FIE 1 52 e

G 235 S 11 5 4 30 IO [ s 45 B 1 B )
EAEE, 2Rz R C, v AR A,

C,=CxU (13)

Hr U A E .,

I, H 5 R K B R A A R E R B A A,
T EL R LU &, B8 C, < HRB R, B crU
<HERAE ; A 4% . C,>HERR(E, B C- U>HEik
FRAEL,

I L 3 AT L ZEEA T A A& e B A — T
T R 45 SR = A5 A A A X, AR ISO 14253 -
1: 2017 3 IR AN X, BPAR 2 X . C-U
<#HE R <CcrU,
3.1.2  RIGHNEE I I K S B AN o
RIS IR INE

HRAE 2.1 AN 2 B A R IR R B e AR Gk
IRBEPE Y AN B A i L AR AR v 4 AR R
JEHE TOM A R 1 5 52 M) R (B 2 Sk AR
B B2, R (BB 2970 SR AN AN 25 el s
T A v T2 AR 3 R ) 5 i SR A A o
W25 Bt s o 1 2 B B B R R AR 4L, MR 4% GB
15441—1995 MYZLR bR 28 | r| {9 2% KF P
<001, 8| r| >0.708(df=n-2=10,a=0.01); ¥: 5 3
UCEE B0 7 45 SR () AR B 9 Al 22 1 <15% . Rt
AT RRYEAS R bR o h 2, B AN [R) A8 R 6 A v A 25 31
AR 0T AN 2 B S L

FRAE H H R , P 3 A~ HA R bR
HEmZR, H [ E 3N 2 | 1| =09712, | r,| =09116,
| 1y | =0.8815 , T3 24 P47 AH XA I 25 R 5% B Y
P IRAH & BEE DI E R, TE UL 4(a), A 4(a)
AL UL AR A | ) (ERR R, L AR A AN

*4 SURSBUHELESIENTHEELCAR
Table 4 Summary table of the uncertainty components of HgCl, equivalent concentration
I /RN J(me-L!
NH #iig fix (mg ) u(x)/(mg-L’l) Upgy(X)
Item Summary Value/(mg-L™")
@ﬁ(ﬁ%ﬂéﬁﬂﬁxﬁ%ﬁgf; 0.0689 1.98x1072 0288
LR Uncertainty of standard curve
IKBETE
XK ICHE T WA
HgCl, equivalent L T#ﬁg E,JT EK?E. 0.0689 1.06x1072 0.154
. Uncertainty of relative luminosity
concentration S I 2 R
ne e 0.069 29%107* 42x1073

Uncertainty of rounding off for report value

2 () APRIEATIE BE 5 0, (0 A AR UEATA E B

Note: u(x) is standard uncertainty; u,(x) is relative standard uncertainty.
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JIN, TR T 2R 558 v 14 | | {ELESE , REAE — 5 A R
BE BN E B, SRTTKSE GB 15441—1995 1Y
PRUELR  FEAR I h £ i) 8 57 B 200R R 1A
T SERR & S CAN TR AR X &0 S A AR R
AL R, FAEE IR RN, 5k
SRAEW I S PP 4|, H 5 81 52 RO 1 10 B 1 4K
PR Weibull bR £k 35 17 JE e ME L& B, R 3>
0.99 , LA BRI SR« S 7 L, AL R AR 452 A F 5T 5 SR
W Z L, ZIXTFE AR, i Sigmoidal 15
Eb L H 8 — J0— IR G MR SO S N4 A X B il i
MIELR , R, SRR PE A B AT LA, Rl g
FELE | r{EBARAYIE O, mibr e st AR | 1) >0.708
(HEKF P<001), Lk E 5 530 | r| AR E AT
FEREROR

DL e[ B4 09116 , 158 24 54700 5 H A X o

W25 9N 1% 5% 10% F1 15% B 94 B AT &
JEE FEIFEIE, R 4(b), MAEL 4(b)Hal UL, A XF
T O 22 7K, DA ff o Y T LR K e ) R P
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Note: RSD stands for relative standard deviation.
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Table 5 The result of the actual wastewater

- 2 K 1# 25K 24 2K 3# N ¥ g
I H ) ] ] ) 0.07 mg-L™ Gi4boK
Pharmaceutical Pharmaceutical Pharmaceutical Pharmaceutical o
Item 007 mg-L™" HgCl,
wastewater 1# wastewater 2# wastewater 3# wastewater 4#
T/% 73.0 762 64.0 974 79.04
R 2y ] :‘*Y/—»"
. AT RE UL 3 3 3 3 9
Times of parallel measurements
C+U/(mg-L™") 0.072+0.042 0.066+0.041 0.087+0.051 0.030+0.022 —
e =R N, DA =1
FE T AR FE
8 A A RHsE B
Conformance assessment . . R —
L. Uncertainty Uncertainty Uncertainty Conformance
by quantitative method
Tt i 22 /%
iy ’ 4.54 737 4.00 6.99 10.17
Standard deviation/%
F e
& 5014 1901 6452 2.112 Fys(8,2)= 1937
F value
FR5% VE-Six VE-=i VE-Six VE-Six -
F-test Equal variances Equal variances Equal variances Equal variances
t —t,05(10)=
H -0973 -0433 -2433 2868 oas(
t value -1.812
SEMETT A P E
. ik EX s REtk otk
Conformance assessment —
Conformance Conformance Non-conformance Conformance

by qualitative method

T Cr U NAM RGN Y AT E L

Note: C+U is HgCl, equivalent concentration + expanded uncertainty.

BEEEEN MRFA979—), &, B+, ESAIET, £
BHMRFT AR ERER L RN

£ % 3CHf ( References) :

[1]

[2]

P& ZUEYHRKS
Ml k2, 2016: 2-5
Li X. Statistical analysis of joint toxicity of biotoxins [D].

FMESE (D). db g db st

Beijing: Beijing Forestry University, 2016: 2-5 (in Chi-
nese)

Li X, Pi L, Nie M, et al. Joint effects of rotational extru-
sion and TiO, on performance and antimicrobial proper-
ties of extruded polypropylene copolymer pipes [J]. Jour-
nal of Applied Polymer Science, 2015, 132(33): 51-61
Uribe R, Fuentes-Garcia A. The effects of TV unhealthy
food brand placement on children. Its separate and joint
effect with advertising [J]. Appetite, 2015, 91: 165-172

[4]

[5]

(6]

IhaAE, XURE, Himn e, 25, K RE & G A B a2
AT NSRRI, v PRI I, 2014, 30(6): 123-
128

Sun C H, Liu K, Heng L N, et al. Luminescent bacteria a-
cute toxicity test of water and its characterization [J]. En-
vironmental Monitoring in China, 2014, 30(6): 123-128
(in Chinese)

A, XULLEE. 06 40 A U B 3R b0 A 3R AK &R
ST P A2, 2005, 17(2): 150-153
Zhu J G, Liu H X. System constructed to detect tetray-
clines drug by luminescent bacteria [J]. Chinese Journal of
Food Hygiene, 2005, 17(2): 150-153 (in Chinese)
TVHE. ARG WA T A i h S 8 R AR
Kl i 77052 [D]. 7 B v R R, 2008: 10-12
Wang Y Q. Studies on the determination of chlorampheni-

col residues in the aquatic foods by luminescent bacteria



274

==
B

i

Fook 19 &

[7]

[9]

(1]

[12]

(13]

[14]

[15]

[D]. Qingdao: Ocean University of China, 2008: 10-12 (in
Chinese)

Ma X Y, Wang X C, Liu Y J. Study of the variation of
ecotoxicity at different stages of domestic wastewater
treatment using Vibrio-qinghaiensis sp.-Q67 [J]. Journal
of Hazardous Materials, 2011, 190(1-3): 100-105

waah, TIRSE, h, 5. Tk KL Rt R ik
B LR IR 58 i R [T]. ol K b #, 2023. 10.19965.
cnki.iwt.2023-0334

T E GRS E I A AT 28 B 22, CNAS-CLOL: 2018 #
TR i S 5% % fig 77 A AT #E ) [S/OL]. [2023-11-19].
https://www. cnas. org. cn/rkgf/sysrk/jbzz/2019/02/895558.
shtml

International Organization for Standardization (ISO), In-
ternational Electrotechnical Commission (IEC). ISO/IEC
Guide 98-4: 2012, Uncertainty of measurement: Part 4:
Role of measurement uncertainty in conformity assess-
ment [S]. Geneva: 1SO, 2012

International Organization for Standardization. Geomet-
rical product specifications (GPS): Inspection by measure-
ment of workpieces and measuring equipment: Part 1: De-
cision rules for verifying conformity or nonconformity
with specifications: ISO 14253-1: 2017 [S]. Geneva: In-
ternational Organization for Standardization, 2017

e N REIEFN FE BRBE R 470 5. A S 25 Tolb k75 3¢
PIHERCbRE: GB 21903—2008 [S]. dbst: HiEF B Rt
2 th kL, 2008

e N RIEAN E FRE R4 38, Al e il 25 Tl K
TG Y HERCER #E: GB 21904—2008 [S]. b5t i E R
B2 A, 2008

rhie N RN E RS R4 A8, S ISR 25 Tl ok 3 g4
YIHEORE: GB 21905—2008 [S]. db5¢: i E R}
A R, 2008

e N RIEFN FE PRI AR 4738, w24 26 25 Tolk ok 75 3%
YIHERORE: GB 21906—2008 [S]. b5t o [E 55 R}
AL, 2008

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

Hhae N RILFN PB4 E8. A TR 25 Tl Ak
V5 Y HERICRR E: GB 21907—2008 [S]. db5t: o E 3
b s, 2008

e N RN ] PR DR A0 VR 2 ) 301 2 il 25 Tl ok
V5 YRR ME: GB 21908—2008 [S]. Jdb5t: o [E
Bembaz A, 2008

EZRABERY R, BRBEARLE R, KB 2R
M KA P GB/T 15441—1995 [S]. db5t: H
B th MiAt, 1995

B A T A E BT E M) 5 . dbat:
JE K L, 2006: 244

ZH, W, MR, 6 FhE &R 1 KOG B RN
T AR ) W ol SRR B 43 T [T, V0 VE R IR R 2,
2015, 34(2): 176-183

Li Z, Miao J J, Pan L Q. Toxicity effect of heavy metals

T

on Photobacterium phosphoreum and the species sensitiv-
ity comparison with other marine organisms [J]. Marine
Environmental Science, 2015, 34(2): 176-183 (in Chinese)
FERROE, A3, AL, 5. XFOKTT SR E
FOCHRTE ) B gt RS (7], [ BRI, 2013,
29(6): 123-127

Du L N, Xue J L, Yu R Z, et al. Improvement and explo-
ration for the water quality-determination of the acute tox-
icity-luminescent bacteria test [J]. Environmental Monito-
ring in China, 2013, 29(6): 123-127 (in Chinese)
TERFREHE, VAL, R O'GAH TR A K R 58 R PR TS e Y
T HITELT). 47K HEIK, 2008, 34(3): 28-31

Yue S L, Pan H X. Applicability of illuminescent bacteria
examination for incident water pollution monitoring [J].
Water & Wastewater Engineering, 2008, 34(3): 28-31 (in
Chinese)

A N RSN E PR R AR, K BT AN E 9N IR
B EERE I HI 535—2009 [S]. bt v E SR
AR, 2010

[l RN AR AP B R 15 K 285 R IChR 1 GB 8978—
1996 [S]. dt.aT: H EFRAE T MiAE, 1998 .



