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Abstract: Water quality parameters, such as pH and hardness, play a significant role in determining the aquatic
toxicity of heavy metals, which subsequently influences the water quality criteria for these substances. Current
environmental quality standards for surface waters predominantly derive their heavy metal indicators from standardized
experimental conditions that fail to consider the effects of real-world environmental factors. Zinc (Zn), an essential
trace element for living organisms and a key indicator within China’ s water quality monitoring framework,
warrants a systematic investigation into how typical water environmental factors affect its biotoxicity in relation to

water quality criteria and environmental management practices in China. Consequently, this study developed a
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multifactorial multivariate linear toxicity model for zinc utilizing data from single-factor experiments on pH and
hardness, involving eight aquatic species assessed under laboratory conditions. The model integrates multiple linear
regression equations adjusted with biological validity corrections alongside species sensitivity distributions (SSD).
Through this methodology, we constructed a comprehensive multivariate linear toxicity model for zinc and extrapo-
lated hazardous concentration estimates: the criterion maximum concentration (CMC) was established at 300 wg-
L™ while the HC; value was determined to be 600 pg-L™". This research takes into account the combined effects
of hardness and pH on zinc’ s impact on aquatic organisms, yielding results that are more robust and precise than
those from other countries or organizations that do not incorporate such corrections or rely solely on adjustments

based on hardness alone. Moreover, our findings provide an essential theoretical foundation for deriving refined

water quality criteria.

Keywords: Zn; pH; water quality criteria; model correction; species sensitivity distribution
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TN REAG . TRAE R " AR 5T R IR A pH K€ 5
HIAKIRREE pH 19 TH 5 Zn 1R B SE 0/ i G K
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WHINEZ —  R5E T AR AT e UR B Y
Z SRR R A i SSD B — i TR B2 A5 W)
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[B]FH 5 4% 1 4% Y (interspecies correlation estimation,
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I AR A8 Rk B A TE AR 45 G W R BSOS E 3 A
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1.1 SEaey A2t 251

AR AS TR A A S T R BI85 AR BIESY
FEBRPORA 2 A K 2215 AR AR R AR
gy dy 2l IR ARk 8 AR KK A A
AR RS T AT, K AR AR W E A E TR
LI YRR T d, KA RERE T a5 A R
2l 41 (Organization for Economic Co-operation and
Development, OECD)F13€ [ #4 4} S5 /3 23 (American
Society for Testing and Materials, ASTM) f*) #H 5 %2
Ko FTE A — 2 W E R ZnSO, - TH, O (4l K
F99.0% , Sigma-Aldrich), 7£ 52 5 1 43 5 i AR &

W RE () MgSO, (41 KT 99.5% , v [ R HURH 41
TR IT) Fl CaCl, W (LEEE R T 99% , th
) FH R R A5 | F NaOH (41 KT 98% ,
FE R R 4040 T 55 r) F1 HCL W (L6 KT
99% , H [ [ 25 4 P B LAJR 59 9 W 0 pHChs A ¢
KA OECD 1 ASTM ##E BC i), A i 47 A [R] A
JEFN pH 2540 T RO BEY A 2 RE VR S e, S50 1)
) R SRS ] A 12 h s 12 b, KSR M(20.0+
1.0) C, BB 3 4 FATIN, B i & 10 4>
Z YR, oA 5L 56020 BRE G OECD , ASTM #£47,
SIS T 8 FRAK A W AE A R A FE AN pH 2540 T
B 2P EFE MR (median lethal concentration, LCy),
1.2 HiEgeit
1.2.1  BIAUAY T

XF 8 R K KA R, Zn®t 1 vk A M A Y
BAH(gATV) I pH 19 X5 501 (1gpH) , i B B X 45 (B
(IgHD)Z 18] E4T 22 J0L [l T #g < J v ik T
R 568 [l 5 75 PRk A T 00 2 PR AG 9 AL G L BE R 4
FHOC I 48 1 2 48 b5 1 46 2 B 77 22 4 HF (Multi-
ANOVA) F 45 i P AE (2 Z MK FHL0.05) 5k 2
SFJ5 FI(RSS), #i B PR B AR BGR 12, 20K R =

06,
1.2.2 YRR 3 A i
I pH=6.6.5.7.7.5 .8, il £}y 50,100,150,

200 F1250 mg- L™ AT IE A SLHR 1], JE T T g Sr
(1) 8 NP FR BTN 5 A2, o0 BT A 4 T8 S A X
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RS A it 4k

XF SSD ARk AT 0] Ut 25 M G 6 LA AR
K, #Sr 4 @B S Bk # S 505 SSD
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LTI 2 i (0 7 B g A S 4 B
IR B K 3R pH FIESE . pH 451F 0 4 5.6 F1 75K
PAHE 43511 050,250 400 F1500 mg-L™", 7EH
5 pH IR RE R Sy 250 mg - L™, 78 B 66 i S 06
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YRty pH ARAE(E . 26 1 B9%LdE 20 il A0, 76 pH
TRRER 7 SO, B /K OARE B2 (4 3 e it
AN SZARY R (0 B 1 2 7 38 EAR R BN RS 57
PRI L B RN A T R B R OB ., 7E
pH Z W AR A 1 R P pH FRAR XHEE 3 332 K F Ak A

A TR MEVE FHAS ont #0458 1 38 7K K AR A
Y REPEVE FHEA S, DR AT BB RIS R K AR
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2.2 AEWpEEtEE AR

FEF XA AYIX 8 Pk A A Wkt T pH AE
1 5 2 P (ATV) XHE R — e R 8L, FLAAR AR 4
GPIRWE2,

PUA R RER A FIUE A T 90 2 8 T pH
ARG EE (AR TR, X T REdE M B E A 22 57, Rl
2 T LAA Y, 2 PR i) 040 & 45 B3 5,
R {HBR TR Z 40, HAbK) 7 Fhshi¥4E 0.80

1 AEEEM pH &HTEHMAMSMME(LC,/EC,)

Table 1  Acute toxicity (LC,,/EC,,) of zinc at different hardness and pH
%14 Condition LCsy/ECsy/(mg-L7")
@ffﬂ KR KIS RO - ek
Hardness Daphnia L:mnod'rtlus‘ Mactrobrachlum Clpangopahlzdma Chironomid Pseudorasbora limnocharis M{sgumus
fmg-L ™) magna hoftmeisteri nipponense chinensis parva Boie anguillicaudatus
4 250 0.057 0.04 0 0.547 1.59 284 238 6.61
5 250 0.12 0.05 1.12 0.841 499 947 6.68 119
6 250 0.15 0.1 25 2263 9.57 135 11.11 2375
7 250 021 023 2.96 4.76 13.7 26.1 32.02 3598
7 0 0.02 0.12 035 0.63 1.55 1.65 2.68 2.89
7 50 0.09 195 231 234 384 549 11.36 6.82
7 100 0.14 229 3.13 307 541 10.6 26.94 13.51
7 250 023 333 396 4.76 7.05 18.08 32.02 3598
7 400 0.63 631 6.6 7.69 1344 20.63 43.65 46.54
7 500 0.87 735 8.75 10.15 18.71 3449 5021 68.8
F2 BEXSMKEEMHSEZTEMARE
Table 2 Bivariate prediction equation for toxicity of zinc to 8 aquatic organisms
7 ZIe A R
Aquafi lergz;nisms Bivariate j)iji;iz*equation 1 K £ r RSS
KHEVF Daphnia magna 1gATV =3.1061gpH +0.91801gHD-5 327 10 08695 2764 938x10™*  0.1139
EHi/KLW] Limnodrilus hoffineisteri 1gATV =8 585 gpH+0.32031gHD-7.734 10 05577 6044 00365 2216
HUF Macrobrachium nipponense 1gATV =4.1821gpH+0.50501gHD-4 079 10 08330 1845  0.004 92 0.064 16
rh4E[R YR Cipangopaludina chinensis 1gATV =4 4921gpH+0.59111gHD-4 489 10 0946 2 7132 6.57x107° 0.056 61
FRIC4 . Chironomid 1gATV =3 .044 gpH+0.67941gHD-3.160 10 08604 2565 000115 0.092 40
FMifti Pseudorasbora parva 1gATV =3.1221gpH+0.73971gHD-3.111 10 09093 4111 3.15x10™*  0.063 39
Vet Misgurnus anguillicaudatus 1gATV =4.7971gpH+0.55731gHD-3 880 10 09592 9509 286x107°  0.047 06
U} Rana limnocharis Boie 1gATV =2 .9401gpH+0.98401gHD-3 313 10 09901 4024 406x1077  0.008 03

TE: R JRAHSC R B ARG B BT 1 SRR BORG i ; 5% 227 O RGBT O, D38 WP ASE RS i vy | LIS 2B F (i TR Y
HARBIGET RFE R PN, LEANTE 0.05 LUR U BEMIRE RS e 1R b Hag geit a1k s 5k 25F Or M(RSS) S i _EI0Bf i 5 e e Ml
VA B2 AR L B A 28 S B B 2 S IR 2B O 2 JE A SR PR by 5% 22 05 R (R 24 T S BB 55 T =22 0] 28 Y- 0 2 ), 3R 22 O

N, BEIIAEL A TR BT,
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LMk FR | R DU A FH A (] A B8l iE 41 — oo 2k
AR, AR S EARBMEELR, ¥—
JCIAE S Il A A R AT X L LRSS R LR
3, i —JC A =TI A U AT X L 2 B, SRR
WHRPLA R S5 FAH LT B 2 0 5 A1 pH B4R
Hh A ] FHAZ 27 A e RN I Bk ) LR R PSS R S
PRI 2R DL A0 2 B AN K 5 T A 28 <5 R Y 7K 22 W51 1)
AR ERCRA WL R LG HRCR, Al RE 2 A
RIX 2 BRI b T AR IR G, R R R A SRR
PEASERR B R . HH AT DR 22 B B ) S 3
AT LLHEAT pH RS B2 (%) LR 28 B HU G, 40 7K AR R
YR AR 224005 BRI R G AR AT
UERHTE BEATRE (R 7K R L MERT ST B 1T DA% e XA 2
BLZHERMLEEMS .
2.3 YRR >4 (SSD)YFLA FI/K T BL i (E 1E S

PEHL pH(6.6.5.7.0.7.5.8.0) Al fif & (50,100 .
150200 250 mg-L™")%% 5 HEEEE, A 55 AL
S TR A IR A LA L 8 A3 T
LI 8 ARl i Stk B (ATV), AR B 3t
£ IR RNE 4 PR,

45 pH BE B R IF 5 ORI 1gATV (H K/
W HEF J& , R A AR A S BOES 2 5 1
7RG AR AR A5 0 2 R O R LS AR
Bl I8 25 4% SSD i £k (I 1)X} ) 59 HC,
MM, CVHT R ARFBAILA B, Bz 1 Ui A

TSR A | 15k 251 R e 420 O 150 WSS BN f i
e BEALDR 25 AR, SRS SRR, 2 HC, 1E R
0.60 mg-L7' i}, R® FedBin 1, 45580 0.9616, Ifii LB
FR2EF 7 At /N, o 0.0499 | LB A IR 45 14 pH
T 75 M 100 mg L7,

RIS 25 Fl pH B8 B 5 HC, i 4T £ 04t )3
O3 AT, BEHAUL A BE fe b 1 HC, ) PSS 7

HC, =(6.0641 +0.6717)1gpH +(0.5326 +0.1202)
IgHD+(~5.6817+0.6212)

n=25,R*=0.8214,F=50.58 , P=5906x10~°
SPEIEUEE CMC=12HC,(pH 5 6.0 ~8.0 & Ay 0 ~
250 mg-L™"), S B 3euEH A 300 pg-L7',

TEEWEAESS T b, TR 2R K AR A
Rt VP 22 B GO TR SRR 1 B AR R A%
15140 5 FE PR BE AR 57 R (US EPA)KLSE 147 K A8 A= 1 1)
PG P EEENE N 120 pg - L1220 g KB 9 4 S
HETE R 30 wg« LB R0 1) B 1) 4 0 S o
8 wg-L7'PY REBFEUR T IR E R OK A A
Yy RE R v #E S 3R R OR 4P K A A oK K
FEWEAE ]y 34.5 g L7 & EAEHE S0 0 FEAE(E IS
TEFH T EE A 50 mg - L', i & Kk FH A R 50
mg-L™' \pH N 7.5, M EA LT DOC 24 0.5 mg-
L™ BT LA AR S0k FH AR 0 50 mg-L™' . pH hy
7.5, KB MEARS IE J7 FR AT AT, A5 2 () HC, (R 600
pg L™ CMC K300 pg-L™", 5EHE JRKH A
TN FAH L AT 5845 H 19 58 (B IS R, v] BB U2 Hh
T 7 ORISR A TR oK A= ) 25 4 AR B 22 R i
B o S350, AR SCRISE R Yy APl 8 i AT R XS BE A
IE () BB P OOF R A& AR S I v, A R 2
HC, B R KA, 33X 2 5 SO MEE 22 7 10 A 1
EtEZ—,

®3 —TMTHEMEFEUSRELR

Table 3 Comparison of goodness of fit between unary linear and binary linear equations

Yok BHZ pH A E I R PR R R XK 2 pH A EEBLA IR 1 R

Aquatic organisms R? after pH fitting R? after hardness fitting R’ after pH and hardness fitting
K# % Daphnia magna 09595 09230 0.869 5
R KLY Limnodrilus hoffineisteri 0904 5 09109 0557 7
T UF Macrobrachium nipponense 0.888 4 0917 4 08330
rh4E[R R Cipangopaludina chinensis 0956 8 0961 9 0946 2
FEBA) 4L Chironomid 0974 4 0960 5 0.860 4
FMifti Pseudorasbora parva 0942 6 0959 1 0909 3
Pk Misgurnus anguillicaudatus 0994 6 0993 4 0959 2
IR} Rana limnocharis Boie 0977 3 09122 0.990 1
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x4 Wik pHMEETAUZHEE(ATV) HIHTELER
Table 4 Logarithmic calculation of acute toxicity (ATV) under test pH and hardness

(mg-L7")
Yifn 2 TfifE (mg- L")
) . pH=6.0 pH=65 pH=70 pH=75 pH=8.0
Aquatic organisms Hardness/(mg-L™")
50 0.044 6 0.057 2 0.072 0 0.089 2 0.109 1
100 0.084 3 0.108 1 0.136 1 0.168 6 0206 1
KA
150 0.122 3 0.156 9 0.197 5 0244 7 0299 0
Daphnia magna
200 0.159 3 0204 3 02572 03186 0389 4
250 0.195 5 0250 7 03156 03911 04779
50 0309 5 06152 1.162 4 2.101 7 36577
§ 100 0386 4 0.768 2 14513 26242 45670
K 2215
150 04400 0874 7 1652 6 2988 2 5200 3
Limnodrilus hoffineisteri
200 0482 4 0959 1 18121 3276 6 5702 3
250 0518 2 1.030 2 1946 4 35193 6.124 7
50 1.079 7 1.508 9 2057 1 27452 35958
- 100 15322 2.141 3 29193 3.8958 5.102 8
H
150 1.880 3 26279 35827 47810 6262 4
Macrobrachium nipponense
200 2.174 3 30388 41429 5528 6 72416
250 24337 34013 46371 6.188 8 8.105 4
50 1.0252 1468 8 2048 9 2793 3 37328
100 1544 3 22125 3.086 5 42079 56230
Fh AR (5] FH
) 150 1962 6 28117 3922 4 53475 7.1459
Cipangopaludina chinensis
200 23263 33329 4649 5 63387 84705
250 2654 3 38029 53050 7233 4 9.664 8
50 2306 6 29430 3.687 7 45495 55371
_ 100 3.694 0 4713 1 5905 8 7286 0 8.867 6
FEdocah dy
150 48655 6207 9 7778 8 9.596 7 11.680 0
Chironomid
200 59158 75479 9458 0 11.668 3 14201 2
250 6.884 2 8783 5 11.006 2 13578 3 165259
50 3759 4 4.826 6 6.083 1 75452 9229 4
100 62775 8.059 6 10.157 7 12599 2 154116
150 8473 1 10.878 5 13.710 4 17.005 8 20.801 8
Pseudorasbora parva
200 10482 4 13458 2 16961 6 21038 4 257347
250 12.363 6 15873 5 20.005 6 24814 0 303531
50 6304 2 92551 13206 0 18.386 7 25.058 7
Jesit 100 9276 7 136190 19432 8 27.056 3 36874 2
Rl
150 11.628 6 17071 9 24359 6 33916 0 46223 0
Misgurnus anguillicaudatus
200 13.650 7 20.040 5 28.595 6 398137 54260 9
250 15459 4 22694 3 323823 450859 61446 1
50 44315 5.607 3 69723 8.540 2 10324 5
i} 100 8.765 3 11.090 9 13.790 8 16.892 0 20421 4
150 13.062 9 16528 7 20.552 4 25174 1 304340
Rana limnocharis Boie
200 173372 219371 272773 334113 403923

250 21.594 2 273236 33975 1 416153 50310 4
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Acute logarithmic concentration lg(C/(mg-L™"))
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-2 -1 0 1 2 3
BRI SR 1g(Climg L))
Acute logarithmic concentration lg(C/(mg-L™"))

It (o)
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-2 -1 0 1 2 3
R SV B 1g(C/(mg L))
Acute logarithmic concentration lg(C/(mg-L™"))
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Cumulative probability/%

I~
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o

% -1 == 0 1 2 3
BRI M B I 1g(C/(mg L)

Acute logarithmic concentration lg(C/(mg-L™"))

—o— {ifi/& 50 mg-L"'
Hardness 50 mg-L!
—®—=T#F 100 mg- L
Hardness 100 mg-L !
i) 150 mg-L!
Hardness 150 mg-L~!
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Fig. 1 Comparisons of species sensitivity distributions for zinc under different hardness and pH values
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