S == M.
2016 4F & 11 % 4 I B b =+ i Vol. 11, 2016
5 6 11,259-265 Asian Journal of Ecotoxicology No.6, 259-265

DOL: 10.7524/AJE.1673-5897.20160330004
LS, MEATT, ML, 55, Rl Geit7e it AL W)W At i e A7 P RO R[], A 2538 4312, 2016, 11(6): 259-265
Deng G R, Mei CF, Liu Y Z, et al. Application of robust statistic method in quality analysis of ready biodegradability test [J]. Asian Journal of Ecotoxi-

cology, 2016, 11(6): 259-265 (in Chinese)

RESITEREEMEBREXERESTRAINA

XE# %1,23 7}:&7?(44-123 7}:?]7;1‘:1:]5123’ gﬁf‘/‘%lﬁ,faﬂ’ F 2}&%123 ‘%1327[)11,2,3,*

LR BEDINAAN PO EAFEEHELL LR E,) M 510070
LS REMAMFRS R EMGRE S A E R ERE, S 510070
3.AHAREE N AMANERERERE,) N 510070

4 L IR E RS AN E P, b 528000

Y75 H #9 . 2016-03-30 & BHA:2016-05-05

TEE . PR Y R e AT T2 W 0 A A 25 B B v o 0 2 7, S a0l f) P e B i s 82 A 0 3 5 s
YyBT  B AR BIC LA A W B AR IS B XU A 3, R BF9E OECD 301 £ 911A5(301B 301D 1 301F) Y it & , & I A<
B 5 4Rk R B BOFRIEAL P BUR B BREA 14 d TR A Ve 8000 , i UCR RIS B, IR B ST = Z L 44
YERITAHERR , X 2500 £ A R G0 BT R R ITAY . 25 W7, 24 301B 301D A1 301F 2050 4 75 FH 1R 4 6 ik 22 0 oIl 1
63.8% ~88.0% .63.4% ~89.2% Fl1 66.0% ~99.8% 1Bl PN I , & B 45 5L 2, % HE VR B0 B00E I i R A5 25 K P IR 4 B fie o6
ANFEDCTE L, 00 2% B4 SR vT R A A () A, B 25 A5 20 (0 7T BB R AR IR AR, T 2l — 2 0E . H 4 b T X S PRl TR R
R S BT S R BRER LU A U WL T i A 27 40 o TR 3 26 0 e A P X e ) o e e AT 4R L 5%

KR R IR Yo A YRR BB S T Z LB B o BT

XEHS: 1673-5897(2016) 6-259-07 FESES: X1715 XERARIRED: A

Application of Robust Statistic Method in Quality Analysis of Ready Bio-
degradability Test

2,3 2,3 2,3

Deng Guirong'”*’, Mei Chengfang'”’, Liu Yanzhen'?’, Zhang Hongtao'***, Chen Zefang'?”’

Zeng Guoqu'**"

1. Laboratory of Ecotoxicity and Environmental Safety, Guangdong Detection Center of Microbiology, Guangzhou 510070, China

2. Guangdong Provincial Key Laboratory of Microbial Culture Collection and Application, Guangdong Institute of Microbiology, Guan-
gzhou 510070, China

3. State Key Laboratory of Applied Microbiology, Southern China, Guangzhou 510070, China

4. Foshan Research Center for Environmental Health and Safety Assessment, Foshan 528000, China

Received 30 March 2016 accepted 5 May 2016

Abstract ; Ready biodegradability test plays an important role in ecotoxicity testing of new chemicals. The reliabili-
ty of ready biodegradation test results directly determines the subsequent testing strategy and affects the registration

and declaration of new chemical substances, as well as the risk management after entering environment. In order to
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study the data quality of ready biodegradability series tests (OECD 301B, 301D and 301F), Z-score of robust statis-
tics method was firstly used to analyze the 14 d biodegradation data of sodium benzoate which were produced by

our laboratory in the past 5 years. The results showed that, when the biodegradation rates of sodium benzoate of
301B, 301D and 301F are within the range of 63.8% -88.0% , 63.4% -89.2% and 66.0% -99.8% , respectively, it in-

dicates that the test results are satisfactory and the data quality are good. Otherwise, it means that there are some

problems with the data and further verification is needed. As a result, a comparison table of quality analysis of

ready biodegradability test was constructed for providing the references for quality analysis of ready biodegradabili-

ty test of new chemical substances.

Keywords: sodium benzoate; ready biodegradability; robust statistic; Z-score; quality analysis
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PRBEIRURS: 45 B ) o L b PR P A W R
PEIRIS B Bk | T S R CE R, MR A
B R T 0 5 2 P A A R AT T B 1), S 5 A P
YIS R I B E Y — R 5 R R P 3R, ten 14
d 23X BE L RN B P RE 2 1) A W R R 55

TEAVFEVES KR 2L (OECD) 1 6 2t sk
SR A PR R iR e RS R R R
A EE BN 552 P S LL ) 14 d B A W R i %
JEIREN Tl K RIAE YRR KT 60% 5%
70% ., SR, BIAE 2 Loy 0 8 it 2R 3k 31 0 1 e 1
TR BB IR A AR T A AR B
ANE IR LA B BT AR A 22 T REY A LT
JR it —2L (4 S AT, VAR A 1 AT R 2 AR F
XA RGeS AR A BRI, SR TR
] PR R AN A, BT Ak 2 0 o 1) 45 B I s 7™
s MH AT 26 T SRR T T R s = 1
TRV (0 G R FD A A | o B0 S5 8 o s o1 22
Ko VERERAEE 2= A B s BAT A RS0
A FRLIE(GLP) I , R RN A B GE 71k
XoF BIVHS: FH T HA i 0 P A A o2 e 1 X S 3 T e st
— A RV AT AR 2 ORI F AN
AT, P 4 G O T bl o A W 8 e 5 I o0
() AH AT 5T FNHGE

ARSCFIFHIE 5 4F R R A2/ OECD Pk A Py i
fietk 301 RF1AK(301B: CO, =LK™, 301D,
B PR P A 301F L R T - v g6 )
AR BN 128 A h o Ak i DR A= ) B it R 500
KARMEG I FA, LT R ST SR

Z W B AP R b , PG X s Al
ARG IR RS PRI T A B 48 S A
AT RS DU AN U T R AL 2y ot
AR I BT B i S

1 ## 57 % (Materials and methods)
1.1 3

ARHREN(=99.5% ) iR — A 8P (=99.0%) ., =K
BBER A 1 (=99.0%), T K G B A
(=99.0%) FAEE(=99.5%) . T /K EALAS(=96.0%)
LK ERBREE(=99.0% ) AKEE(=99.0%),

P37 b, 2 B R B A S bn HE AR AR A ) =
Yz — A BN R4, Hop TRl 55 57
e, BT AT Al W 1 TR
1.2 AUERER

301B:3 L %&Jf(2 L &R, %504 i 2 ) (Tit-
rette, i ,BRAND GMBH + CO KG), it CO, %% |
ER R

301D :300 mL BOD Jffi(Fe i 5 W i) , ¥ fife S )
FEAL(Multi 3430, ff[E  WTW);

301F ;500 mL X Sf(— & AR S N, B A
JZT5 25, MR £ 55 (OxiTop® Control, 2 &, WTW),
A AR FRAR(SHP-350, T [, [Vl 2 S0 06 15 45 A B
),
1.3 R RAE S &

TG A LR HCA T M B IX 2 58 E b 3
A 1G5 7K HAB A PRI B A5 K AL ER T,

HRHE I bR 42, 301B F1 301F 56 BT B
AU AR S S RS U, SRR ST 2% B RS ORI AE
FI 4L, P B R S B O, SRR
W, IR P E R T TR G R e
ARASTT B /D 2 8 7 I 2 TR A YA T AR v
(MLSS)"™ G056 T, £ FH 3 36 1 % B4 Hove 4 kA
B BB MRS TR M E N 4.0 g- L (UA T E ) B4 FD
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W, REFAAIREEZEMA,

301D BB g K , AN S w A,
I, 2R B SR 3G 5 75 5500 5 FEmT 15 SR 4 i S g
IKF) 10%~10° cell - mL™" $5 37 3, Ty AE i A2 DU 34 o
EER
1.4 R

JIT R i A8 A R DR A ) R A v A H 4%
RIS ) e —E 25 BAILER 1,
1.5 ik

Foe BT [ (A2 S Ay ) 9 R OECD b2
st X S 0 ) e e s o S R AT IR A R B
AE GLP A Ay 2R B D BR e B AR e A
FRJF (SOP) Y HIL A ST
1.5.1 301B {4

TE AN A TCHLIE 5 55 v i AGE 9 2R H R4k
VERME—AHLIRIE . 72 BIE &0, - COo, 1=
LA R A0 3 92 E AT g R, D e
CO, 17 A 1 R A 7 8 W R BN I B A %2 . CO, &
AN W, T Titrette %5 % 2 10 7 ) 42
P ESAAL BRI E CO, = A i, 2R F IR = A 1)
CO, B S — EALBR(ThCO,) A 735k FR
1.5.2 301D iX%:

WA R Tl e i et & — gk
J& ,43%5 % BOD i, BOD JR5E 4280, e dndT
BOD Jifi LA L BRATAT I, %4 BOD Jifif5 & Tl
FAFT R IR B A Multi 3430 Wi S8 0
SEASGE B3 0 5 A S TR TR T A B o
1.5.3 301F ik

] — S PR R H A A JE MBS R 56 Hh i A B Ak
JE 2R TR R B 35 WA R ME— A LA I, 25 PA
UG E G 0k B S Bt PR 9% . @it OxiTop®
Control BOD Ml & 4 I % i 9 g i A8 4k, 1l 4%
FIFEE I, BOAY CO, ) NaOH Bk lic, 2 H iR

B Al AR P ) AU S N IR R OE, B
A W A R R AT AR ) B LA BSR4 (ThOD) Y H 43
1.6 HdEsit
1.6.1  301B 5 R R A 15

ARG DL S E A VR OIGR A4 HCL i
SEVRAR 028 0 B 2 R R A 6 21 T = A
1) CO,ft , 5 2 22 Bl A 4% FH R A= 0 8 fit = A6 1
CO, i, K CO, BRI ARG 1A 2 A 25 F AR 4 )
TOC &5 LB CO, R 50 3.67 HYFFAL, R R A<
R B A A A
1.6.2 301D 1 301F X I0 MR 10115

FHES 14 KB B IR 403 06 20 6 480 1 Dol 2 AH 1
(25 6 R R AU i, bR LI OK F IR e vk I, A5 31
2y A 2 s R IR ENFR/R 1) BOD, 454 ThOD 1]
T 301D {56 P ok F R B A i 1 0%

301F 356 v AR FH R A R i 1 R T B 2k
1 301D iK%, Ha7 Hl15 %) BOD BRI
SRRyt
1.6.3 [l A o Rk dgE it

Fafiesi 11, 0 SPSS Statistics 16.0 #2414 5.
MNHE AR K-S £ 5% (One-Sample  Kolmogorov-
Smirnov Test), X 25 1 56 (14 48 FH R 4 5% gt % B3040 1E
FTIES AR5

BIXE 2010 4E 2 2014 FEAEANIAY I RE R 128 4>
PRUEAL I 2 IR AN 14 d PROHA: W Ak 25 51, (6
AR g kb B R Z ok,
Gy T A BETE EARE R h T Ak 47

A,

Z=(X-X,)FREAL IQR(X)

K

Z—RAdE o B0 X—PBR A R4 R X, — 45 Al
I T R AR 5 1) T A s Rt AL IQR—ED IQR

F1 REEVREFRIELREG

Table 1

Test conditions of ready biodegradability tests

J845 Indexes OECD 301B OECD 301D OECD 301F
A Inoculum TG Activated sludge T2 K Secondary effluent  fitHT5 e Activated sludge
R EE Inoculum concentration 30 mg-L™! I mL-L! 28 mg-L"!
R RN % Sodium benzoate concentration 21.1 mg-L"! 2.0 mg-L! 33.0 mg-L"!
IR E Incubation temperature (22+2) C (20£1) C (22+1) C
AR S5 Light SRR Dark SA1% Dark MEE Dark
iR )7 3 Incubation way MBSk Aerating and stirring & Static BEFE Stirring
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Bl S Geit i A U o BUE S R
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v FH Microsoft Office Excel 2003 %4/ Fa fik
Z WA BUT 5 KL B v B/ 7 45
s AR Z Lok, IR A AR B g

W25 B A R 8 SR A S R B Y 5 il or-
igin 8 A A4 LA 3 567 X e G A T

2 ZR54%%7(Results and analysis)

2 /T ARG BT R

K-S #3645 20,3018 301D F1 301F X4 Ay
% Y R o i R 5 114 U 47 0 S 2 PR SR 031
0.723,0.705 F1 0.830, ¥Rk T 0.05, PRt T 45 %5 415 iz
MAEZ /A, 38 S TR ST ST Z 3k
gt

PEM I B, R e i Z Lo 2 BUFE M v A0 45
b, ZEZ B P ERHER RN, Z B+

*x2 FHBRWEEERHESITER
Table 2  Statistical results of sodium benzoate

biodegradation data

Gl 15 Test
Statistic OECD 301B OECD 301D OECD 301F
FEAR: Sample size 42 38 48
¥IE% Mean/% 76.08 78.75 83.04
FrifE2E Std. deviation 7.36 7.15 7.48
XU ik 35 MR
0.723 0.705 0.830
Asymp. sig. (2-tailed)
e i 5 i B/ %
76.5 78.9 83.1
Median biodegradation rate/%
IR L 4H Q1/%
724 74.0 78.9
Low quartile Q1/%
o P A Q3/%
793 81.9 87.6
High quartile Q3/%
5 R H CV/I%
8.99 9.98 104
Coefficient of variation/%
FRIELL TQR
6.88 7.88 8.67
Standardizing IQR
Wik gt B/ IME%
60.0/62.3*  63.4/66.0% 62.8/66.0*
Min biodegradation rate/%
S ESTONIIA
90.3/96.0*  95.0/98.3*  96.0/99.8*
Max biodegradation rate/%
W 2£/% Range/% 36.0 349 37.0

T 20 U/ MW e 3R R R A 6, L2 S5 AR AT Al — ML

Note: The min, max value and its adjacent were obtained respectively.

e iR T AN I AR A 3 B O 1] A
2 W R Y 2R Ge ik 22, Al IRHA s el i (B S5 52
B D 25 R, Z Hor BRI Xl 3R 2K
4 PP TR I i S 2 R O 2 R BB /N, 000 1) mT 42 32
PRy, AR, A 25 i A A, A7 AL U3 6 T 15
BIEAE T 55 R TR T 2 7] <2 1
FORMEREE T B A R 50 50 i R A5 24 2
<| Z| <3 W RR G5 ] Re AL [ 8, 3 H 171 5 A\ (SD)
NGRS, IF AT 5 A, TR AR K 25 114 D
R, DAtk — D48 S s it XY | Z| =3 B RoR g
AR BTGP h B RHE, SD N K A
e R BT AE , 1 2 A8 R 2 1E R i, 24 1 I 5
LR SRS VAE 51 = B D o) | ] DR gt 8

B S8 45 S AT i, 301B G R AR R A
I B AR BT Al BE A, HAa i Z o 0oy il ok
-2.400 .-2.065 F12.007 .2.836, @1 T | Z| <2 i,
XTI B A 1 2R 3 3R 60.0% | 62.3% 1 90.3% |
96.0% , 7 HH 24 [ fif R < 62.3% 1 =90.3% K, 4%
FIRBAFAEIMIRE AR 4SS i 2 B0 T i R A,
301D 5, FTSE (A H BRAE fie R R A R RN IR e K
RifR Al HAa il Z Hear 80051 R 2.463 F1 2.044 , %F
I AR 6N 95.0% F1 98.3% , B Y B A% 8 = 95.0%
B, 4G SR v R AT ) A 2 s, A2 A el BRI
X 301F 156, B R 62.8% ~66.0% S 777 ] R 1)
g0 R AR g Z oy oy il h-2.345~-1977,
PR IR e 43 BT R A 2R < 66.0% N5 5, S5 40, R
B 301D I fe /N A R X IV ) Z HE AT B -1.968
301F I B0 KRR R X W1 Z 350k 1.920, Hi4
SHERIINT 2.0, KPR G5 R 50, (A 7E B R 52 B
R 2B BN AR I AR , 1Y 301D 5 K7
F/NT 63.4% F1 301F X5 FF AR R KT 99.8% B, SD
N B AT, PR Rt E A AT JE vk )
ZEAR TR, 3 JERE YRR R R AR Z
FE BRI 2| =3, B2 B RN R S A R
K 100% , TCANH Bk B R I O

e 3 e A R A0 T o X IR R 2
XF B IREE R

Bl kSR s e S5 81, N ml LA 4% 2
RIS AE YRR e, B2 2K 4 hfadd Z sy
BOFHIE, B R 3 S35 v ok R kA )
ff AR R g Z b B A G O, T R R —
ARG A H IR AR i R 5 s 1 H e g SR, L
T AT b 31 T S R B A
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ri K% 00 e ulllII"
5‘%% "N"NI III 1“2|3|4,516|718'9
[ -1.0 s678°1
34
-2.0172
1
-3.0 o
. I
R 50 Test No.
e e
Test No.
o B3 OECD 301D i3 a4 Z tb 5 85 51 &
B BEAEIRERRIER3E OECD 301B 301D # 301F HE AL Fig. 3 Z-score sequence diagram of OECD 301D test
Fig. 1 Probability unit of the ready biodegradability
tests: OECD 301B, 301D and 301F
Y = 3.0
2. on 20 45464748
39 1.0
1 36373-8" F@ qg ’ 62 gzgm'mﬁi&ﬁ
Bl ’ <§<; 0.0 11 LLL LRl seertt T
<R ; 0. JL\A‘ “I IIII1I01I11I21I314151617131620212223’24
=l 161718192021 -1.0 s
N N_l 1112131415 458
. I s900 2013
I 56 7 \ 2
-2. L =30 oA e
1 ll\g/ﬁé’ﬁl =2
- YR Test No.
Test No.
. . E 4 OECD 301F iXI a4 Z th S8 51 &
2 OECD 301B {37342 Z th 387 51 E . .
) ] Fig. 4 Z-score sequence diagram of OECD 301F test
Fig. 2 Zscore sequence diagram of OECD 301B test
x3 REEVERELBRESHNRE
Table 3 Comparison table of quality analysis of ready biodegradability test
WA ZHas RN A2 1% BERRR SR
Test type Z-score  Biodegradation rate of sodium benzoate/% Results indication or conclusion
OECD 301B 63.8~88.0 A AR TP TR N R e 3 I 3 5 SR A I TP, R T s SR o izt ik
OECD 301D 5 63.4~89.2 IR B R
VARSS
OECD 301F 7l 66.0~99.8 If the biodegradation rate of sodium benzoate is within the range, indicating
that the test results are satisfactory and the data quality is good.
OECD 301B 60.0~623 or 90.3~96.0 S5 R T B R 5 L M TS T P, 20 Ok 5 L i 77 )
OECD 301D 95.0~98.3 SD [ 42 A i, T4 Hh B R 22 (W S PR DAk — 20 it v Bl I
OECD 301F 2<|Z|<3 62.8~66.0 If the biodegradation rate of sodium benzoate is within the range, indicatin;
4 f the biodegradati f sodium b is within th ge, indicating
that there could be some problems, SD should recheck the test and find out
the reasons of the big deviation to further improve data quality.
- <60.0 596.0 B BRI S W A S AN 14, 2 TR 45 SR W, IR T4
Lower than 60.0 or higher than 96.0 -4t sy s (i, SD RSB 5, 41 th LB AE , 30052 45 219 24 iF
OECD 301D <634 2>983 $E, LAIE (R B A AT | T T S A
| Z| =3 Lower than 63.4 or higher than 98.3  If the biodegradation rate of sodium benzoate is within the range, indicating
<62.8 3% >100 that the test results are outliers and unacceptable. SD should recheck the test,
OECD 301F

Lower than 62.8 or higher than 100

find out the reasons, and take effective measures to correct the deviation. If

necessary, restart the test to verify the results.




264 s #F

BL I I SO ESlE

3 T8 54518 ( Discussion and conclusion)

PG TR B T 50 50 = (R sl S 5 3 N Y
FE T SR B 5 R LU X Bl , 38 22 02 43 AT R X 1Y) 45
S EARIE T B RE S A B E T ST AR
JIT 5 R a5 22 50 AN TR AR N BLERAE , IR E , 7
—E AR L AR I L 4 A R S & N
HEXT

XA AR ok R AN Y 14 d B b AT
FRARGETT oM (0 8 SCHE T, 38 2k % o 7 485 SR 1% o o
A3 LRGP 07 IAT AR B A5 1 T, WIS i
JE T B B AR, 000, YRR < 62.3% Fil =
90.3% (301B), 5% =95.0% (301D), < 66.0% (301F)
B, SD i H s, A IEZE AT, N %5 V) G I
TG VERE | R Ie) 5 S s SR M T 48 e, A i 0
JI AR T2 58 1, AT AR A A3 A ) 72
(AN IS MR BC 1 7 vk R R R AR
AR P RN T S B 2 ok R A5, R 2 1w b gk
TP B vEHY, FRR 7 A AT BE T B B Y B A
VAR Z IO B 5y rT e Az R . S T LAY
KA T B R A S T 53 A FTAL | AT LA Bk
DAATLAL A B AR ot i, S iz X LA A B R
IR FETT AT P A5 BT i A i e D AR
TSR Z s 800 W, AL S it & 30
Fratla)dl PR AHECE pa HR e TARERCR A R
() A E

TR AJHU A Wy ik 1 B, AR S 14 RORH
FRAM B B R B 5 5% 3 AT X L, X iz i e 2 4
(1 5T S 18 A — 00 20 F e, SR, RS S i
Ko B 34 s 4% B AR o D7 R4 0 1 St A i
A0 SR SRR 28 T ARIEER T (QAU) By K A T B AL
& GLP HLIE A SOP #LsE , {H 43 B a3 9% B A J)
PR | LU 8 T 0 A 00 o e ot A v e S B PE 1
FBERAURCE TN 2 A WG KA EE T =
DA Pt DX At A= 35 75 7K AR 38T LA b X AR
T 75 7K AL 38 R 2 A oA D R I 8 Y TR e e o
A CITE 7L R T\ 7 R e R B e Lk /P
ZENG AR Bzt T8 R FHLIX B R4
eI DL R AT A 06 2T A R 2R 5 ), Tk W A
SERL S5 Sk T T e ) 1) AR A A R
BB AT b M, Ginkel 25 Vazquez-Rodriguez 55
F1 Dechrugsa ZECP W48 H | M K TR AR, /] — 4>
A5 B PR A ) R o 1 2 SR AN — B, RO
FRIATR] 21 53 e R A MR A A KR E 5

T3, LRI R A R A A X A AR AR AL
FSE R, RS HARHU A TS0 00 2 [ A5 2R Hx, A R
For i E M DRI T R AT 2R BB A, I
RGP DL —A> 58 B R AR AR G T+ o0 B , 1t i
P B A BRI ARG S 04 A A e B3 AT
A0 e RPN AT L

Rl i, AR Z He o 8O i s it e 44 21
] BEEL R BRSNS R Tzl g osk , g R
AR R GE R REAT A F A (R A A Al B, G IS
IO o X ) 451 P T R 4 THT A9 A A A TR 23
o SR S At R A P A A 7 ) o o 2
SR, J7 REFIE I A AL
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