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Evaluation of the goodness of fit of the species sensitivity distribution fitting function

DONG Ming-ming, MOU Li—yan, QIN Li", AN Yi, LIN Da-song

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: To utilize the optimal fitting function of the species sensitivity distribution (SSD) method for acidic soil conditions, this study
uses the root mean square error (RMSE) and the sum of squares for error (SSE) as evaluation indicators to systematically analyze the
goodness of fit of five common fitting functions (i. e., Log—logistic, Gamma, Log—normal, Weibull, and Burr Il ) under conditions of
cumulative probability and different pH. The study have shown that there is no significant difference in the goodness of fit of the five fitting
functions under two pH conditions (pH=5.5 and pH=6.5), among which the SSE values of Log—logistic and Burr Il functions are 0.021,
0.024 and 0.169, 0.191, respectively, whereas RMSE values of the two functions are 0.038, 0.040 and 0.106, 0.113, respectively, the fitting
effect for the two functions is better. But the goodness of fit of the fitting function under different cumulative probability conditions is
different, under conditions of low cumulative probability (p<20% ), the SSE values of Log—logistic and Gamma are 2.45x10™ and 2.46x107,
and the RMSE values of the two functions are 4.04x107 and 4.05% 107, respectively, and the fitting effect for the two functions is better.
Under conditions of cumulative probability (20%<p<80%), the SSE values of Log—logistic and Log—normal are 0.018 and 0.021, and the
RMSE values are 0.034 and 0.037, respectively, and the fitting effect of the two functions is better. Under conditions of high cumulative
probability (p>80% ), the SSE values of Burr Il and Log-logistic are 0.151 and 0.203, and the RMSE values of the two functions are 0.100

and 0.116, respectively, and the fitting effect of the two functions is better. Based on the above results, the Log-logistic fitting function is
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preferred under acidic soil conditions (pH<6.5) with low and medium cumulative probability (0<p<80%), and Burr Il fitting function is

preferred under conditions of high cumulative probability (p>80%).

Keywords: acid soil; cadmium; species sensitivity distribution; fitting function; goodness of fit
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Table 1 Bioavailability model of cadmium in soil-rice system

AN A WA A R p
Impact factor Bioavailability model
CHE lg BCF=-0.702 pH+3.739 0.522 <0.01
XA 5 lg BCF=-0.616 pH+3.011 lg SOM-0.728 0.559 <0.01
—HT lg BCF=-0.449 pH+2.822 lg SOM-1.917 0.643 <0.01

lg CEC+0.670
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Table 2 Five common fitting functions in species sensitivity

distribution method
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Burr Il 1+ (é)( xﬂﬂﬁﬂiﬁ,mgkg"
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wHlo B H
y=— ¥ RBWER, %
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x=y a. By NEREZEL
: BB %
Weibull y=1- ei(é) x AEEMEAE , mg- kg™
a BHEHSE
I, (Ol) }’y‘]%fﬂ’fﬂ}:,%
Gamma y= ﬁ x AEEMEAE , mg kg™
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9 17.66%, J& H 45 A8 S FE B 5 BCF 3 B2 0.01~3.26,
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FREE
22 AEpH &G TS RHEHMEHRE
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1M Weibull BRECA LA BE 80 25, AN TRl pH 4544 5 7
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Table 3 Evaluation indexes of goodness of fit and their formulas

£ % Name 253 Formula 57 X Significance of symbol 156 Instruction
. s SR e
Hy A y AR RIS b L oo b o e mTRo A
Room mean square errors yi RS iR R B T R g L (RS
(RMSE) n R HEPERC S S
:9423 R G MR, pg - L NP
G2 )i Al AR MRS we L op e 30 s miomm 4 i
Sum of squares for error yi R L AR G TR SRR A pg-L W AILI5 2 200 T
(SSE) n B RO ‘
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3 3Fig
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Table 4 Statistical analysis of soil physical and chemical properties and bio—concentration factor

Eizt NI i/ ME FE{E RAIEe brifE 22 5 AL
Indicator Maximum Minimum Mean Median Standard deviation Coefficient of variation/%
pH 6.93 4.60 5.73 5.68 0.47 8.24
SOM/(g-kg™) 28.00 18.00 20.97 21.38 1.59 7.59
CEC/(emol -kg™) 17.00 7.00 12.78 13.00 2.26 17.66
BCF 3.26 0.01 0.78 0.62 0.66 83.18
®5 AR pH ZFH TG RBHMSLE
Table 5 The goodness of fit of the fitting function under different pH conditions
pH PR Function SSE HEFF Sorting RMSE HEFF Sorting
5.5 Log-logistic 0.021 1 0.038 1
Gamma 0.028 4 0.043 4
Log—normal 0.026 3 0.041 3
Weibull 0.036 5 0.049 5
Burr Il 0.024 2 0.040 2
6.5 Log-logistic 0.169 1 0.106 1
Gamma 0.224 4 0.122 4
Log-normal 0.204 3 0.117 3
Weibull 0.283 5 0.137 5
Burr [l 0.191 2 0.113 2

Fo6 FRIRMBEREFHTRIERYMUAMNE

Table 6 The goodness of fit of the fitting function under different cumulative probability conditions

M 1545 Evaluation index B4 Function p<20% HEF Sorting 20%<p<80% HEFF Sorting p>80% HEFF Sorting
SSE Log-logistic 2.45x10™ 1 0.018 1 0.151 2
Gamma 2.46x10™ 2 0.021 3 0.203 4
Log—normal 2.93x10™* 3 0.020 2 0.184 3
Weibull 1.14x10" 4 0.026 4 0.256 5
Burr Il 5.45x10° 5 0.174 5 0.012 1
RMSE Log-logistic 4.04x10" 1 0.034 1 0.100 2
Gamma 4.05x10° 2 0.037 3 0.116 4
Log-normal 4.42x10° 3 0.036 2 0.111 3
Weibull 8.71x10° 4 0.041 4 0.131 5
Burr Tl 1.91x107 5 0.108 5 0.028 1

WWW.QEs.0r9.CN
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Figure 1 SSD curves of five cumulative probability distribution functions under different soil pH values

1% WHART]



I, 5  DPRBUB PS5 0L 2 PR DL B BE PP 549

PG R E LA 0 B TC W] B 22 S (B [A] — pH 2510 T
5T G R B LS DL A E DT B 22 Ry R . ot
AN, A WIS B AN S B Log—logistic bR i
FH S8 5 8R 5E 2R I (r>20) , Log—normal B8 %)
T FH S R T Burr TR 506 B o SR AR
Uy P Z1 450 FH Log—-logistic , Burr Ill yi| Log—normal
PRECILE 10~15 HEHEHHA N , Log—logistic Al Burr III
PR B U ORI T Log—normal pRER ; 5K Sy Il 2627481
B TCEHES )RR ME S 55 6 20 B PR I 3R
B, Log—logistic B4 A4 #U1-5 RCR S A 5 X AP 5E
732 Burr T & E07E £ fh 40 22 OB 1O 1 D0 R #fH.
A BRI Y. ABEFRE YRR n=15 FriSR1E +
HER B (pH<6.5) Log—logistic F1 Burr Il B& R #2155
P BE 5 F Log—normal PREY , 5 IR A5 AIAT o
I, 3 ] — pH 250 T AN R0, s BB 0 1 22
S A] RS B MR TE—E G R
33 AEEMBEFMG TS BRHAOPEREST
I ] SSD 2 i - 1 AR 25 4 WL, R 2E
HC ™, PRt AR SR AR A 405 e B U5 00
X AR A B e M LA R L,
& ZEBUH] FH Log—logistic 1 Log—normal p& 54015 F8
HI 2R 48 g AL LAY B A BT 5 HL HCs (HC o AT HCoo
{8 ; - % B %5521 i Log—normal R FICHE S £ Fp 7S 4
R HC{E N 7.7 mg-kg's 2.3 A%, 24 p<20%
i, Log—logistic . Gamma i Log—normal P& FAQOE AT
48 =, 1 Weibull A1 Burr 1T 28 55 U500 B2 041,
X 5 Wheeler %" 57 Log—logistic 1 Log—normal pR%Y
7E SSD {1 L BARER 43 I 405 B8CR B I 4518 250
P P 2 AT T, KRS b ST, ST2 F1 ST3 JL-F- 540 5 Fh

100

o0
(=)
T

(=)
(=]
T

Log-logistic PR %X
Log-normal PREL

ot & Weibull FR%
-+~ Gamma FRZL
% 2 4 6 8

ZRUE R Cumulative probability/%
~
S

1/BCF
Pl R 7K e i ol DAl G0 28 TSR 32 ol ST1~ST'1S

Rice varieties in the figure are denoted as ST1~ST15 from the bottom to
the top of the curve

2 SS1ES T (pH 6.5)5 7 RFABE R 5370 S # A9 SSD B 2
Figure 2 SSD curves of 5 cumulative probability distribution
functions under SS1 scenario(pH 6.5)

SSD i £k, {U A ST1 5 25 Weibull A1 Burr I 28 %5 i 2%
BT, X A] B SR 3 AL R AL 2 55 T Weibull Fl
Burr Il s 840G D0 FE AR F 25 A . 20%<p<80%
B, ST4~ST12 JL-F-#B 7% 7€ Bk Burr T eR AN 4 Fli i
Bt £€ I, M7 ST12 #5125 Log—logistic PRELAY H 2R fe it ,
X5 2.3 115 3 20%<p<80% I} Log—logistic BRI AL 5
D BE 5, 100 Burr 1 oKL GO0 FE SR 2598 — 3.
p>80% B}, ST13 5 Burr Il Al Log—logistic BRI 45 M 2 4%
I A RO BT, X AT e K o A 58 5l R
TR, NREAET . AR RV, Bur 1
PR T TS 2 e A R R B A A AR R
JETE AL T A h 2 2 Bk T K F- (4 [l A HL A A
B 43 A RN EIUI D REN . G T BN AERIR] Y Burr 10 pE 4R
A5 DDT FUARPH #4819 B PR 50 o 400 5 80CR
B Ding %42 F Burr I pREHUG BB T /K45
R B DL RIOR B

A BTS2 bR A T I, 52 T2
i, 2R B AR S5 I R B Ak, B E
LA R, DI A UREE A2 R
K I DR 7 B % ) P SSD 2k 4 2 - 9 A 2520 4 I
BB PE AN G VT T 3 IR A BB ANER )

4 ZEig

(DR L IEFRIE b R [F] pH 2 PE R 5 R4 e
B AR E T B2 5%, BRI K Log—logistic>
Burr Il >Log—normal>Gamma >Weibull .

()[R BB T 105 R B LA LA
1E—E 22 5%, HoP AR R AR (p<20%) 2514 T Log—
logistic Fil Gamma F LG RCR BT 5 H B (20%<
p<80% ) 551F T Log—logistic I Log—normal [ 48175 350 2R
B i BEER (p>80% ) 2544 Burr Il Al Log—
logistic (YA ROR BT

(3) 2545 132 pH A R AT A5, B E 13 (pH<
6.5) 1 I H BB AR (0<p<80% ) 45 1F A Se i 7 18
FH Log—logistic #4175 BREL, 1Mii =5 SR BUHER (p>80% ) 5514
TS HES H Bure LA BREL

S

(1] %4 RAR, 225, 2330, 45 . R BURR L S A i /e vy L A S i Ty
THT A BIF 5 B JEE [J]. 4 42 19 R B2 4, 2018, 18 (3) : 1220~ 1224.
ZENG Qing—nan, AN Yi, QIN Li, et al. Advances on species sensitivity
distribution in deriving soil ecological thresholds[J]. Journal of Safety
and Environment, 2018, 18(3) :1220-1224.

[2] AN, RS, ROSCRL, 45 L ANTR] it il et 3 398 rh il 19 ' SRR AIE K

WWW.QEs.0r9.CN




URETR Rt Y F 4055 3 H

assessment of microcystins and nitrogen pollution based on species

NGEG>°

A 3 A (SSD) [J]- [ L B2, 2014, 47 (12) £ 2384-2394.
SUN Cong, CHEN Shi-bao, SONG Wen~—en, et al. Accumulation char-

sensitivity distribution[J]. Chinese Journal of Applied Ecology, 2014,
acteristics of cadmium by rice cultivars in soils and its species sensitiv- 25(4):1171-1180.
ity distributions[J]. Scientia Agricultura Sinica, 2014, 47(12) : 2384— [13] X 78 . 3 B F2 2 /N3 77 b - HE A R4 10 48 4 BRE 25 (D). 1% -
2394. FIILAHMRL % K%, 2016:46-58.  LIU Ke. Soil threshold of cadmi-
[3] 825, TRk, ZRA, 55 . A T3 T 4 ) A 20 4 B o 1
HIAIE S8 HE (D). AR S TR, 2019, 14(4) :54-64. DOU Wei-

qiang, AN Yi, QIN Li, et al. Research progress in determination meth-

um and major Chinese wheat - producing areas[D]. Yangling: North-
west A&F University, 2016:46-58.

(14] EFH . FETF U BB (QDA) 1 1% 22 4 B H D). Ik
I E A R 2EBE, 2018: 1-8. WANG Xiu—mei. Determination

of soil cadmium safety threshold based on quadratic discriminant

ods of ecological safety thresholds for heavy metals in agricultural land
[J]. Asian Journal of Ecotoxicology, 2019, 14(4) : 54—64.
analysis model[D]. Beijing: Chinese Academy of Agricultural Scienc-
es, 2018:1-8.
[15] Bk, sk 58, B, &5 . L3 pHOX LB 25 RAR B R 10 52

[4] Yan S, Zhou Q, Gao J. Methodology for derivation of water quality crite-
ria for protecting aquatic environment and future development[J]. Criti-

cal Reviews in Environmental Science and Technology, 2012, 23:2471—

2503.

[5] Fh [, SBXAESE, BIME, S5 . N A i SEURR: 20 TVl o T30 ¥
HE 32 B KR T R A AR R (). AR AT A4, 2013, 8(4)
554-560. DU Jian-guo, ZHAO Jia—yi, CHEN Bin, et al. Assessing
ecological risks of heavy metals to marine organisms in Chinese off-
shore and Fujian main bays by species sensitivity distributions[J].
Asian Journal of Ecotoxicology, 2013, 8(4) :554-560.

[6] SCR, ABIL, j7270m, 55 . JE TR U O3 A1 125 69 A 25 XU A
FEHER). 264 5B #R, 2017, 17(1) : 353-357.  WEN Chen,
YANG Hong, LU Xue—qiang, et al. Research advances in the ecologi-
cal risk assessment based on the species sensitivity distributions[J].
Journal of Safety and Environment, 2017, 17(1):353-357.

[7] Wang B, Yu G, Huang J, et al. Development of species sensitivity dis-
tributions and estimation of HCs of organochlorine pesticides with five
statistical approaches[J]. Ecotoxicology, 2008, 17(8):716-724.

[8] F/NK, F5 28, B 5K, 45 . WA U oA A A T e AR AR R
(B ST T S B TR ). BREERL 2402, 2013, 33(6) : 1787-1794.
WANG Xiao—qing, WEI Dong—pu, HUANG Zhan—-bin, et al. Applica-
tion of species sensitivity distribution in deriving of ecological thresh-
olds for copper in soils[J]. Acta Scientiae Circumstantiae, 2013, 33(6) :
1787-1794.

[9] E/NK, 58, W 5K, 45 . YR Uk oA 7 e AR A A
ST BRG] Al R IR 2 2 4l 2012, 31(1) £ 92-98.
WANG Xiao—qing, WEI Dong—pu, HUANG Zhan—-bin, et al. Applica-
tion of species sensitivity distribution in deriving of ecological thresh-
olds for nickel in soils[J]. Journal of Agro—Environment Science, 2012,
31(1):92-98.

[10] %% 5 . IR W15 A0 AT S B Sl E S BB FSE (D], Jb st
R E L K 2%, 2017:89-92. JIANG Bao. Long—term aging behav-
ior of soil added nickel and copper and ecological thresholds based on
extractable copper in soils[D]. Beijing: China Agricultural University,
2017:89-92.

[11] Wheeler J R, Grist E P M, Leung K M Y, et al. Species sensitivity dis-
tributions : Data and model choice[J]. Marine Pollution Bulletin, 2002,
45(1):192-202.

[12] BREE, XIZEH, sk . JE TR U8 oA O e e R 5 RS
e M A 5 XU PG 1 FH A2 25223, 2014, 25(4) : 1171-1180.
CHEN Jin, LIU Yi-mei, ZHANG Jian—ying. Aquatic ecological risk

1% WHART]

M [J]. 180 P Aol R 222 4 (A SR B ), 2018, 44(2) 1 176-182.
CHEN Nan, ZHANG Hao, YANG Hui-min, et al. Effects of soil pH
on soil cadmium formations and its accumulation in rice[]]. Journal of
Hunan Agricultural University (Natural Sciences), 2018, 44(2) : 176~
182.

[16] M2 T, 56, M, 25 . 20K AR IR RO 3R 85 9 - 20 A ()] P e

Al 24k, 2016, 29(10) :2496-2500.  YANG Ding—qing, LI Xia,
ZHOU Ya, et al. Analysis of environmental factors affecting cadmium

uptake in ricelJ]. Southwest China Journal of Agricultural Sciences,

2016, 29(10) : 2496-2500.

[17] BUR A, XUBE, 2%k, 55 . KR Cd 1o R A2 42 1l IR 3R B e —

PAIRE LRI DX [T T M3, 2015, 42(5) :1621-1632. LIAO
Qi-lin, LIU Cong, WANG Yi, et al. Geochemical characteristics of
rice uptake of cadmium and its main controlling factors: A case study
of the Suxichang (Suzhou—Wuxi—Changzhou) typical area[]]. Geology
in China, 2015, 42(5):1621-1632.

[18] Newman M C, Ownby D R, Mézin L. C A, et al. Applying species—sen-

sitivity distributions in ecological risk assessment : Assumptions of dis-
tribution type and sufficient numbers of species[J]. Environmental

Toxicology and Chemistry, 2010, 19(2) : 508-515.

[19] Xu F, Li Y, Wang Y, et al. Key issues for the development and appli-

cation of the species sensitivity distribution (SSD) model for ecologi-

cal risk assessment|]]. Ecological Indicators, 2015, 54:227-2317.

[20] ARSCRL, PRttt . JET R A AR AT A A 7] 39 i ( Cd) B R U

(EC) K MR L], A Al B2, 2014, 47(17) : 3434-3443.
SONG Wen—en, CHEN Shi-bao. The toxicity thresholds (EC,) of cad-
mium (Cd) to rice cultivars as determined by root—elongation tests in
soils and its predicted models[J]. Scientia Agricultura Sinica, 2014, 47
(17):3434-3443.

[21] FHA 5, BT, XUACRR, 45 . H 50 b TR 2 4 B i K R

Lo PN T —— LU v e K R O (0] 2Rk, 2017, 54
(5):1181-1194. HE Jun—gqiang, HE Qian—feng, LIU Dai-huan, et al.
Major factors affecting threshold of soil Cd for food health safety and
relevant prediction models: A case study of paddy soil in Changshal[J].
Acta Pedologica Sinica, 2017, 54(5) :1181-1194.

[22] Cairns J. Are single species toxicity tests alone adequate for estimat-

ing environmental hazard?[J]. Environmental Monitoring and Assess-

ment, 1984, 100:47-57.



I, %5 DR PE 4 A5 0L RO DL P B 551

[23] Giesy J P, Graney R L. Recent developments in and intercomparisons
of acute and chronic bioassays and bioindicators[M]/Environmental
Bioassay Techniques and Their Application. Holland: Kluwer Aca-
demic Publishers, 1989:67-77.

[24] EAAF, M 200, NP8l . Ff L BT S ROR AR & R 2 R
[J]. A EEFR, 2018, 39(4) : 1918-1925.  WANG Meng—meng, HE
Meng—yuan, SU De-chun. Quantitative relationship between paddy
soil properties and cadmium content in rice grains[J]. Environmental
Science, 2018, 39(4):1918-1925.

[25] ¥ . AEPIRIC Cd 952 D5 2R 23 Bt B 7~ 552 Cd 35 Sk ) 50071,
LA IEE R 2244, 2007, 26(2) :699-703.  TANG Li-ling. Effects
of soil properties on crop Cd uptake and prediction of Cd concentra-
tion in grains[J]. Journal of Agro—Environment Science, 2007, 26(2) :
699-703.

[26] 57120, BIEEAR, JRa . A R SURR A 23 A 0 X R LR
Z IR T7 I B A A B P T[], A 2R B2 41, 2011, 6(1) : 60-66.
JIANG Dan-lie, HU Xia-lin, YIN Da—giang. Ecological risk assess-
ment on polycyclic aromatic hydrocarbons of sediment in Taihu Lake
using species sensitivity distributions[J]. Asian Journal of Ecotoxicolo-
2y, 2011, 6(1):60-66.

[27] SKHGI, S F 5, A2l S5 0 RIS 4 A B 5 T 1
HUA KA A WK B SR HE (D). PREERHFA 540, 2012, 32(2) 1440~
449. ZHANG Rui-qing, WU Feng—chang, LI Hui—xian, et al. Deriv-
ing aquatic water quality criteria for inorganic mercury in China by
species sensitivity distributions[J]. Acta Scientiae Circumstantiae,
2012, 32(2) :440-449.

(28] XIH, EH . E5W, 55 PRI > PN b R K R
L G 7 e A LR AS AR )] WA, 2018, 30(5) : 1206-1217.
LIU Xi, WANG Zhi, WANG Xue-lei, et al. Ecological risks assess-
ment of selected heavy metals in the waters of Chinese lakes based on

species sensitivity distributions|]J]. Journal of Lake Sciences, 2018, 30

(5):1206-1217.

[29] 22 5, ARG, TREGIN, S5 . 3R TS5 G K BRREERIFIEL)).
[ Bl 2% . HUERBL 2, 2012, 42(5) : 665-672. WU Feng— chang,
FENG Cheng-lian, ZHANG Rui—qing, et al. Derivation of water quali-
ty criteria for representative water—body pollutants in China[J]. Seci-
ence China: Earth Science, 2012, 42(5) :665-672.

[30] T B, 22N, T4 3R R - SR A 2 4 B E A Y
2L 5 N WI[)). 135, 2015, 47(2) :427-434.  DING Chang—
feng, LI Xiao—gang, WANG Xing —xiang. Food safety thresholds of

mercury for two typical soils of China: A case study for rootstalk vege-
tables[J]. Soils, 2015, 47(2) : 427-434.

[31] M8, ARIEAE, XIBkHe, 55 . ST W Rh U 43 A1 1k A 22 SEW00F
o P A 8 ARG B PN ]. ZEAS T HEF 1, 2017, 12(3) : 398~
407. XIAO Peng—fei, LIN Xiao—ya, LIU Yi-hua, et al. Application
of species sensitivity distribution in aquatic ecological risk assess-
ment of chlopyrifos for paddy ecosystem[]]. Asian Journal of Ecotoxi-
cology, 2017, 12(3) :398-407.

[32] EEm., XL, FRite. 5. T4 )m i (VDI ESTE MR K L 5
B HME[T]. FR B, 2014, 35(8) :3155-3161.  WANG Xiao-
nan, LIU Zheng—tao, WANG Wan—-hua, et al. Ecotoxicological effect
and soil environmental criteria of the heavy metal chromium ( VI )[J].
Environmental Science, 2014, 35(8) :3155-3161.

[33] FEI, EHAE, 2877, 5 . TR UL S A5 PR DDT FIAE X
VORI A 25 KR FRETREA244, 2009, 29(11) :2407-2414.
WANG Yin, WANG Jun—jun, QIN Ning, et al. Assessing ecological
risks of DDT and lindane to fresh water organisms by species sensitiv-
ity distributions[J]. Acta Scientiae Circumstantiae, 2009, 29 (11) :
2407-2414.

[34] Ding C F, Ma Y B, Li X G, et al. Derivation of soil thresholds for lead
applying species sensitivity distribution: A case study for root vegeta-

bles|J]. Journal of Hazardous Materials, 2016, 303:21-27.

WWW.Qes.019.CN




