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# # 4389083220 : MAJOR ENVIRONMENTAL SCIENCE

KEY WORD : TOXICITY / CADMIUM / ZINC / Oreochromis niloticus L./ TEMPERATURE
PATCHARAPORN ITTHIROTJANAKUL : EFFECT OF TEMPERATURE TO
ACUTE TOXICITY OF CADMIUM, ZINC AND THEIR MIXTURE ON JUVENILE
OF NILE TILAPIA, Oreochromis niloticus Linnacus. THESIS ADVISOR : ASSOC.

PROF. SOMKIAT PIYATIRATITIVORAKUL, Ph.D. 113 pp. ISBN 974-17-4108-1.

Static bioassay tests were conducted to determine effect of temperature to acute toxicity
of cadmium, zinc and their mixture on juvenile Nile Tilapia, Oreochromis niloticus Linnaeus.
Firstly, acute toxicity of individual cadmium and zinc at 28°¢ was tested to determine median
lethal concentrations (LCSO) with 95% confidence limit at 96 hours. The results showed that 96-h
LC,, (mean and range) of cadmium and zinc were 13.08 (9.94 - 16.26) mg Cd/l and 40.49 (37.99
-43.07) mg Zn/l, respectively. Secondly, experiment was estabished to determine toxicity of
cadmium and zinc combinations on juvenile Nile Tilapia at temperature 24, 28 and 32 °c.
Mixtures of cadmium and zine at concentration near 96-h LC,, of each metal were used to define
mortality of the fish at 96 hours. The mortality data of treatment combinations were analyzed
using Response Surface Analysis. Toxicity results of cadmium and zinc for 96 hours for 24, 28

and 32 ¢ were express as M =31.621804 —0.153524 Cd -2.154992 Zn +0.030476

96-24¢

Cd’+0.0488 CdZn +0.058103 Zn’ , M =20.561982 -0.453714 Cd +0.581789 Zn +0.034286

96-28¢

Cd’+0.034933 CdZn +0.0111 Zn’ and M = 53.988788 +0.524571 Cd -0.082992 Zn

96-32¢
+0.001905 Cd” +0.0048 CdZn +0.017214 Zn' , respectively. The combined effect of the mixture
of cadmium and zinc in every ratio exhibited synergism. The mortality of fish that exposed the
mixtures of cadmium and zinc increased with increase of temperature. This result possibly
concluded that temperature increased the toxicity of the cimbined effect of cadmium and zinc on
juvenile of Nile Tilapia. In addition, no observed adverse effect levels (NOAEL) based on safety
factors or uncertainty factors were calculated. The concentration of individual cadmium and zinc
which no observed adverse effect on juvenile of Nile Tilapia at 28%¢ were 0.13 mgCd/l and 0.4
mgZn/l, respectively. The NOAEL of the combined effect of cadmium and zinc at various

temperatures was not calculated.

Field of study_____Environmental Science . Student’s signature

Academic year.___2003 Advisor’s signature
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Cadmium Cadmium Cadmium Cadmium oxide Cadmium Cadmium Cadmium Cadmium

chloride acetate hydroxide sulfide sulfate sulfite
CAS number 7440-43-9 10108-64-2 543-90-8 1306-19-0 1306-23-6 10124-36-4
Empirical formula Cd CdCl, C,H,CdO, Cdo Cd(OH), CdS CdSO, CdSoO,
Relative atomic or 112.41 183.32 230.50 128.40 146.41 144.46 208.46 192.46
molecular mass
Relative density 8.642 4.047 2.341 6.95 4.79 4.82 4.691
Melting point (°C) 320.9 568 256 < 1426 300(decompose 1750 1000 Decomposes

s)
Boiling point (°C) 765 960 decomposes 900-
1000(decompos
es)

Water Insoluble 1400 (20 °C) very soluble insoluble 0.0026 (26 °C) |-0.0013 (18 °C) 755 (0 °C) slightly soluble

solubility(g/litre)
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v 1] H
Tudluomaldilar @ inSuuniniien denzd@vzadesidooglueimaninds uat1lasy
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Ao L Y A 2 s A s o
a1ﬂ1ﬁﬂNﬂj'lnt’]ﬂ‘mglﬂﬂlﬂuwaum@Q“]f\?ﬂf’)f]ﬂ"lc]fﬂ HNIDANTUBDLIUA (2ZHCO3'3ZI’1(OH)2) aney o

e

] :I 1 F4 A [ A o
TuzdTanzez hiazaiwdazaelunsanaziwala lelasou uazindovesdangdnazanei
a 1 a a J
14 Oxidizing agents 30008UUDI Tan 131 NoIUAI HNNa ez Tnvead vz lJaansazaie
[ = dyo/ a Y o = 4 4
youdanzdas uonvnidsauisanadisilszneu lany wewTwiie to'lua laerTud naz
a a o a : a 1 o '
wlannudeou adunde lauateyia dannadia luii Tl uazlidmTe luid endu lu
QW chromophore 14U chromate F4garaudaNIaNIenINLazMUAvesassnoudingd

Aa 1 09}1 3 [ 4
a1 9 Huuaasliifiudeas1an 2.2
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M3 2.2 Aauianemenmtazmanived Janedangdnazaslsenoudans @

Chemical name Relative | Melting | Boiling Relative Crystalline form Solubility
atomic/ point point density
molecular (O C) (OC) (g/cm’)
mass ( OC)
Zinc 65.38 419.58 907 7.14 (25) Distorted Soluble acid,
hexagonal close | alkali; insoluble
packed H,0,
Zinc acetate 183.47 2 200" s Monoclinic Soluble H,0,
alcohol
Zinc bromide 225.19 394 690 4.201 (25) Rhombic Soluble H,0,
alcohol, ether
Zinc carbonate 125.39 300° ND 4.398 rhombohedral | Soluble acid,
alkali; slightly
soluble H,0
Zinc chloride 136.29 283 732 2.907 (25) hexagonal, Soluble H,0,
deliquescent acid, acetone,
alcohol
Zinc fluoride 103.38 872 ca. 1500 4.95 (25) monoclinic or | Soluble HCI,
triclinic HNO,, NH,OH;
slightly soluble
H,0, aqueous
HF
Zinc 207.46 ND* ND 2.104 crystalline Soluble H,0O
hexafluorosilicate powder
Zinc hydroxide 99.39 125° ND 3.053 rhombic Soluble acid,
alkali; very
slightly soluble

H,0




A1319N 2.2 (719)

12

Chemical name Relative | Melting | Boiling Relative Crystalline form Solubility
atomic/ point point density
molecular (0 Q) (OC) (g/em’)
mass (°0)
Zinc iodide 319.19 446 624° 4.736 (25) hexagonal Soluble H,O,
alcohol, ether
Zinc nitrate, 297.48 36.4 105-131 | 2.065 (14) tetragonal Soluble H,0,
hexahydrate (-H,0) alcohol
Zinc oxide 81.38 1975 ND 5.606 hexagonal Soluble dilute
acetic acid, alkali;
insoluble H,O,
alcohol
Zinc phosphate 386.08 900 ND 3.998 (15) rhombic Soluble acid,
NH,OH; insoluble
H,0, alcohol
Zinc phosphide 258.09 > 420 1100 4.55(13) tetragonal Soluble benzene,
(sublimes CS,; insoluble
in H,) H,0, alcohol
Zinc sulfate 161.44 600" ND 3.54 (25) rhombic Soluble H,0,
MeOH, glycerol
alpha-Zinc sulfide 97.44 1700 + ND 3.98 hexagonal Very soluble
20 alcohol; insoluble
acetic acid
beta-Zinc sulfide 97.44 ND* ND 4.102 (25) cubic Very soluble acid

17 : Lide (1991)

NI : “AA18AI( Decomposition)
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222, milFlugaavnisy
[ = 09}1 3 A ) 9 A 3 @ v A < Aa A
deang@miumtulangngninlsnnngatuduauasonin man exgittisn uag
a [ JRUS PN Y A o = 9 =~
Nl USadinzannaa ldaonnmiseanilantlszana 7,140,000 duludl a.a. 1992 uay
o = Aa a a o Ao Y
7,089,000 1 1143) a.¢1. 1994 UTaamsnaauazmsus Iaadanzanilan 520520 13 luasa
~ £ 1 o S o 9 1 09;1 a I @ AA A F2 9 @
2.3 anunmsidanzanduin ¥ lniduaadlu 20-30% veadanzanmanla (1.9 dudu

13l a7, 1994) Tasaanurudane FuazmanguuIND 80% (EZI, 1996)

A195199 2.3 YSamswaauazms 1gdans 113 .8, 1994 (thousand tonnes)

Geographical area | Mine production Zinc production Zinc consumption
Europe 1012 2510 2350

Canada 1008 693 148

Australia 971 323 161

China 755 975 577

Peru 682 158 69

USA 597 356 1191

Mexico 369 212 108

Other countries 1271 1862 2291

World total 6665 7089 6895

(2

anzdgnii I 195 Teamnludusne 4 Feaunsamia1@ilu 6 nqu fe

@ 1 v < @ a A ' <
(1) 1 lumsaguTane dangdarulugnlniudunaouTanzwiadu wu van uag
I Y A A 1 [ 1 9 ] ) =1 Y] 9 o :Jl Y o
mannaTeiuaNNNUNIUReMInansou Jaslwidudenydyardsainin ¥132 19
1 4
drulsgnovlugaanisusasud
Y 4 IS @ a
@) ldwauivTanzdwidulavendan alloy)  Tesnaunuezgiliion noauag
= A A P A <3 = =
Tnmiflounazuunili@eon e Tanzma1iinuaauudans e tazs9zison Tansnaud
A o o J v 1 @ AKX A 9 1
udanzd@iluesnlseneundandi Tansmwandaned Faonldlunszuiumsnae uagnis
A <3 1 = ! A A Aa v v
May 1H391NANVUUIUTINUMUABNTYATANINNI TarisyHABUNNANUHUUNINY

(Beliles, 1994) 133 NoadUgNT Nowrand W lansnauseninane et udansd (20-45 %



4
Juognunmsiiiluld)

=

14

Wudni IWiia Taousdaned (smithsonite)  gal¥luminda

nounaaluglsldaunil a.a. 1400

< < a 1
3) 1iuiadlunamsgaamnssu 19U Zinc sulfide Zinc oxide 11a% Zinc carbonate

aa a Y 9J 9 v = 4
FAOUUNA (enamels) KFITINA Y13 4N H iau e Wil HUnWUN

a 4 o o [ ]
@ 1FlumsnaaniosdronnuazAundnssy 15U e1A9 a1

a [

& A
agiiutaznanaan

Y Y

) 1 lunamsouy aamslslszTeminnasszneudinsduans 1 luasan 2.4

31N 2.4 M3 lFlse Teminnaisilsenoudingd

asilseneudanzd

M3 19152 Toa

Zinc acetate

I @ g
Il uenauiuuma , Wuanssawuile 1 uazddondn

Zinc antimonide

Gl“]a)') 1uqﬂ N3 il:l{ ﬁndJu Thermoelectric

Zinc arsenate

FA
Tiluasanuas, Whuassnyudie 1

Zinc arsenite

Fi
Vit uansaiumas, Wuassnyuite 1

Zinc bacitracin

o o o ]
1$dluestlosduuunnS elusniluaiy tazeuriuni1Inse

¥DINADA

Zinc bromide

Y
Idlnhennaeuilavmenin, 19lumsnanloduasizy

Zinc caprylate

Fd
I uasangos

Zinc carbonate

15 lumsmanssiin, asnul, wsesd1919 (vuasunsouil

), Wluindangsu @fFaneta 1)

Zinc chloride

[ 4 a 4 I @ 1 Aaaa o o
1 luasdunsiznarsounsd (dudnsalfnser wazgdaild
0919); s 15 lumsiians, nisindouTany, mawseueas
URBaug, lumsned (@snmelnaaddon ), astaaa, a15ga

u, 1 luenauuuwa
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msisenoudans @

M3 14152 ol

Zinc dibenzyldithiocarbamate

I @ 1 a Y] 4
13uas lfinanInszaedivodenas Huud

Zinc dichromate

I uiiad

Zinc fluoride

9 a a Y I [ dy 9 A
1 lumswansin ud, Wuassovuile lil, mawnasuTans

Zinc fluorosilicate

I~ [} a I~ I o w [
1ddumsaseldinanmsudedrvesneunia, ldniuamsivady

A o v 9 [ Y =
‘I’iﬁ’E)W\‘]G]fﬂ“Nﬁ)ﬂGluﬂﬁG]SﬂWL INYNULTEY

Zinc iodide

1 luenlgsneg

Zinc laurate

151ua, ssnaeunn, 15 lumswanea

Zinc linoleate

15 Uil aduis

Zinc oxide

JIF . b = < a < a v v o
landludiang e, ansiuanuud s aluens, asy, Waduazdiud
Y
o I ] ] a
mitlesiudeslud, Wudgesedgdlunaadn, l4lueims

o A o Y L4 . .
a9, 1959901019, 19 lugunaaliuy piezoelectric

Zinc-1,4-phenol-sulfonate

I uarsaiumas, 1lgFmey

Zinc phosphate

T iumseaily, 19 lumsyumannd

Zinc phosphide

[

Iuassidnny

U

Zinc propionate

J
A

I uaissisages

Zinc salicylate

TiuenlgFue

Zinc stearate

4 o L4 1 4 o (%
l9lwnseadions, uaanes, Ay, asnaeay, sdmsulsn

AT, askay lueivis

Zinc sulfate

) a o 2 o o 2
1 lumsnanlogunsizn, aswavlueims, Wuaissnyuie

198, 19 umsnaanarann

Zinc sulfide

< Aa o A o
Iiludiad, uda, 1 lumswansadend tazaonnInsvismd, 14

& A = & ok
Wuansisoaaa lug, Wuassnnges

Zineb

Y g o w 1 4”
1%!ﬂuﬁ’]ﬁﬂ1ﬂﬂllua\1, AITNUYDIN

Ziram

FA
Iiluasaingos, 1duaus Sdumsnanss

31 : aau)adan1n : Sax and Lewis (1987) ttag Budavari (1989) 9190971 WHO (2001)
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2.2.3.  unasnuIveIdInd
2.2.3.1. MNFITUHA (Natural sources)

1Y) a3 1 Aa 9 a A a a
deanzailudiulszneviluiadesvesiunounnria Tuan1wss sy 1l
[ 1 1 a [ I 4 [ 1
danzdlugdTane lannun ualuusnanesiialidens @il uesnisznoundn us Sphalerite
I 1A o w A o3| 1A a o Jd o = dyw A . .
(znS) WunsndragnganazuumaINNVoINanAUNAINET HonINHUEINNs Smithsonite
! . . A A A ~ 1o S <
(ZnCO,) 1azus hemimorphite (Zn,(Si,0,) (OH), XH,0) Auvotunwyluusding@iiluman
' 4 [
(1-14%) uaalion (0.1-0.6%) HazAzna (0.1-2%) IUoguraINNILazMTANA TN AN
a Y o = ——— a Ax 1 (a <3 =
s35umATEAUvRIFIngdluaminianurannatenn TaglunsnunlusUsmamnnnz
@ ' 9 1 o o a A 1 1 g’
danzfoguin US EPA (1980) 013l WHO (2001) mandwiudangd@nasguvaniilu
[ a ~ 9 @ Aa AR % (= ™ A
ANSFOINTM NUININMIFLANNINA1BYDIAUTDI 45,400 Auavl) taziaTansziian)seum

915,000 1A

unaInuveIdeny@lueinmaduluyuinnisnaunan e UABAY 1INHUDAL
wazan I Iudvhaszuna 19,000 dueedl. 9.600 Ausodl uaz 7,600 duasil audiey
dy ' d' [ = [ Q‘ Aaa = d! = =)
uenINHuMaINNIveIFIned lueniAd N dlFIa tazindongia FanuNTUTIIW
od

E4
8,100 @uasiluay 440 Auaell Ay AvuIIMIAI)SIadingd@ngnilaaildesy

U5501MA 1A8TTSNHIANYTTI® 45,000 AUaDl)
2.2.3.2. mﬂmsﬂizﬁwmmgyﬁ (Anthropogenic sources)

(1) M3tlaplasygusserna (Emissions to atmosphere)

3 =) \ |091} \ A 1 o A

dangdvzgnianasseengiunssnmalnglvosdunio lo lusenawmaiuniio
& 1 1 [ < 1 Y 1 =2 [
Fadrulvgurnmsdaiuus nazmsdansouTasan nnmsanyiluglslazuan
ANTFOINTNI uAUIA Az aA N Isen Al siasedensTeongusseimanilani
Uszanm 70,250 99193,500 Auludl n.A.1983 Fedmunangaamnssunan lavgh lily

S X 1 ~ = a ~ 4 9 +f VoA

IMANDY 50-70% arumaeNInINMIHanyuduud mslgijeemua uazuninunaanun
[l Y 4
ou 1wy 911n1iTY waza iy uennniidunnnmsiidaveuded1s9n1TmIdnae

(Nriagu and Pacyna, 1983)
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v
2) M3 ﬂaﬂﬂaaaq L1 a9 (Emissions to aquatic environment)

mstuniles nagnnnszurumsnaalugagmnisulsznnais q Mliineamsiaes
% = 1 1 g’ = v L= . 1
dangdaaguraciii Uszuna 33,000 99 178,000 AUABA) (Nriagu and Pacyna, 1988) M3iaos
@ = 1 v 1 ara & <3 Y
danzdninTsanugaamnssuaguratanatodannluszozna 10 ndmun Favzmnld
a [ dd‘ 1 1 1 oy = g = = v
nnlsnadanzanlassasguraniiludl a.a. 1988 Uszum 386 duanaunaeiiies 30 du

1143] 1993 (TRL, 1993 9198471 WHO, 2001)

<o o 7 7 a ¢ = = g
wenviniimagaes laeen laa luasneenles naznasiu Feligniidunsa
Y H
aan v o A

a 2 s 7 A a L a o aq Y
'ﬁ’lll’ljﬂlﬂﬂﬂ&]ﬂﬁfJ’lﬂllG]fu‘ﬂlﬂuklaﬂi@ﬂvl"]fﬂ l!ﬁ$ﬂ15U@lu@VIU5l3mwqumaﬂiaﬂgﬁ\1ﬂ$ﬁ lﬂ

f oo ad d' Sy ' o A £ A v
naneiludanz@negluginazaietinla Tasnuaimsnansonazmuduiloszdu pH - 09

' P
a K

g’ 9 1 a [ 1 d' S 9 1 = [
Wudeeni1 4 Tasdsuamsianseui pH 47 Udeeni 1 Tulaswasael) usaziiinay
I~ 1 d' I~ d! Y [ [ 1 3 d? 1Y @ o [
Wue muepH 1Wu3  Fuwdaslidiunnmananiouiugunsay uayduiusiuny
[ [ 4 o 3 [ = " W =S 09/' % 1
szaudamos laoon lag luduniseime Tuuaazilaandanz@iugniansoudszanm 3.6
£ 4 A 4 A
luTaswasluiunmasuun, 3.8 lulaswesluivuinmaios, 43  lulaswasluwe
gaamnsiuuaz 45 lulaawasluaalndanzia dvsvlszmaluuouglsl sasinana
nTouanUszINa 198N71 8 ATUADAITIINAT, 8—16 NTUADAITIUNAT LA 16-28 ASUAD
msrauasdmiuluwaruun Ao HaZIYAGAT 11N TN AWE1AU (Knotkova and Porter,
dy 1 o = Y A 1 1 g’ A [ =
1994)  wenaniimsdanllassdinz@antinmsen wu ety lansgudinsd

A . A
130981919 81 Lag0U 9
(3) Mm3tlamilasyaighu (Emissions to soil)

1 ~ L= U LY =\ 1A ) A ]
Tunaagdlmanimsiantlasedens dasgauanmsiumiieaazmsagausssina

Y [y A U qul a [ dd‘ 1 A 1y LY T A o
1-3 awau salndniudSinadingdndaosasgau 689-2,054 WuauailyINMINTZIN

o R P Y+ =~ Y
YoIuYBY 1aw 260-1,100 Auasilnannis 14ilo tag 49,000 - 135,000 Audetlannsrzdn

'
v =

:JI 1 < A 1 @ 2 1a Ao Qa:
NNFUUTTNMA 0619 lsnawurasiunvesmsildesdingdasgaund g ngaiuunnues
A AA o a g 1 ] = = v J +
@enidansmiludiulsznon 1wuUBAAEINMITIAYAT LazvUTIINGAT 1jonon n1n

v 1
aznauaInMIvITatinde tazidiaee FealUseua 640-1,914  WuAUA01) (Nriagu  and
d‘ + = = a % =) 1 a A [ L)Y [
Pacyna, 1988) ti1o391n Iuijamieamaiilsunadinsdog 60-470 Laansuaonlaniy uay
Tuijaniiviiaoun lilswemmalidsmmudingdiiosni s Haansuaen lansy dauluilenon

Y
HuNlszua 12.6-39 Haansuaen lansu
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2.3 MIUNINIZNYVDAMNENIAZTINS T UIviash
Y
= 1 o
23.1.  upadisyluuvasi

v Y
uaaaninylnhdinlngezegluglvesdesudass (cd”) wielansndeou
§ I I 1 1 1 I 1 A g I 1
(cdor") meldannznanuilunsatiuaiaiosnii 7 -8 uadranuuaradivvudiunyn
a + d‘ a 2+ Q' dy = a -9 w
151 cdoH” vzanas Tuvaiznlsuaves Cd” aminay uaalauainsomnanusziunae
J a I A = g’ A & 1 = =\
lsanafluasdsznoundinuatesuin Tuiiduarveznouaaiionlugdunaiion
4 1 A q‘; IS . . . -
MIVBIUA (CdCO,)  druluaniziansusznuuaaionlugll bisulphide ion  (CdHS)
Y
wenanHdamuuaaioylugidana (CdSo,) tazansnnaRusEAUT13619 9 19U cystine,
I A
fulvic acids, EDTA, NTA, DPTA, xanthates (@& dithiocarbamates WuensisznouFadou
= a a2 A Y
uAAeNduNs o 14

4 %

L J a a oa/' ] @
lunsainiluasisznounaaiionduns s ANENLANMUATUUILTHABE1ININNL

q

A 1

% [ 1 a @
bioavailability éﬁ\iﬁ"llﬂﬁﬂll‘ﬂ\ﬂl]u 3 NN D ﬂﬂiJLLﬁﬂ‘]Jigﬂ@Ug]}'JfJ uaaenaa1sUseneuny

Q

v
A AAaAa

1 v k4 [
EDTA, NTA tag DPTA dazilugiiidadidia ldamnini 101418 nquitaeaiiudunqui

v v
AAa Ada o

Fromumsgasuuaaiionuaasilszneuiusgegluglnasiziai 114 1ddesni1lugal
[ Y J
DOUBATE 1YY fulvic acids ﬁﬁﬁTﬁﬁﬂTmaQﬁﬁT, amino acid histidine, 48¥ carboxylic acids
like citric acid (Part and Wikmark, 1984) @aunguganieilszneudloasdsznounan
. & A Y @ Y a g a 9 Ay
xanthates 118 dithiocarbamates Fuilio5 N TangninudnzmaiuasUsznouFedoui li
:j £ = dy 3| o A o 1 dy A A Aaa
azanei FaasdsenouyireulazuaangIem lans wiini oo ve @ iz Inuay
o 1 Q' Ql = Q' AAaAa :’ J a a
i ldgmsmumsgaduuamiionludalidgialuiwinnilugildeoudass Tasmane
: o 4 o ] { U 19 & an . 1 g’
xanthates ¥4 15 lumstuniosioanaus lavgainioglugisalualaeds flotation wuini
Qy A 1Y lz Y ' o 1A
nanesnanlseanausiuiinududuves xanthates 521319 409400 TuTlnsniuaedns

(Waltersson, 1984 9199411 WHO, 1992)
232, danzaluuvaai
danzdluunaniemnsouniaiiu 7 31 (Florence, 1980) Ao

(1) Tanglawsadoou 1w zn(H,0),” (durugudnais 0.8 w1 luwas)
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A a P 1 ] 1
) #slszneuBidousiiunion luades 1y Zn(H,0).Cl°, Zn(H,0),0H (1dur1u
L4
AuIna1 1 1 Tumag)
(3) M3YszneuraFoudunIdn liades 19U Zn-citrate, Zn-glycinate (1 FUAIY
J
Auanan 1-2 mluwag)
4) aslsznouiFidousiiunidmaios 15U ZnS, ZnCO,, Zn,Si0, (FuUAIUgUINA1
1-2 W Tuuas)
(5) A15UTLNOUITFIFOUDUNT INADET 1% Zn-humate, Zn-cysteinate (1 FUAIY
Audna1s 2-4 w1 Tumas)
(6) PUNINDLUNTIATUVIUADY 1Y Zn” Fe,0,, Zn' Si0, (tEURIUFUINAI 100-
500 11 TUINAT)
a o 1 1
(7) OYNIABUNIOAITHVIUADY 15U Zn® -humic acid, Zn -organic detritus (1HUM1U

AudNa1a 100-500 U1 Tuwas)

@ ~ o I~
asisznovdenzdazgnlalas ladluaisazate @il hydrated zinc ions, zinc
d! aaan dy oy = Y 1
hydroxide 1@z hydrated zinc oxides F99zanAznoY UPATe1tivzan pH lurh daudnnluumas
g’ = fﬂ Y o A v = ~ a d? 1 oy <3
Waiinnuauisalumsdluaimlesivetleanumsnlasuulasnezinavu luurasinaiu

@ 1 <

g a sa S 43 @ A
u@ﬂ*ﬂ’]ﬂuﬁQﬂ$ﬁ‘ﬂ$ﬂﬂﬂﬂﬁlﬁJ@fJ']\‘]LL"lN!Li\TTﬂf]!‘l/\l@iﬁﬂulﬁﬂﬁﬂﬂllﬁl)'ﬂcluﬁﬂ'nzﬂu'llﬂulﬂﬁ i (PLG)

U w

o [ d aa a =} J a a
gnaadulasda lia §an ezqiiut uuamilalaeon lod uaznindaiin (Huang ef al., 1977)

a Jo o 3 = = a = A 1 9 qﬂlj
Gmﬂcm”l‘vlmﬂugﬂmwummmgmummummﬂaaﬂmw AIUAUVUUDITUASHOU
= a 2K o = a aaa @ [ 4 < o A g
TUDDNYLIY “ﬂﬂﬁﬁﬂgﬁ‘ﬂglﬂﬂﬂ{]ﬂﬁfﬂﬂ‘u ]laﬂiﬁﬂﬂﬂ]l“ﬁﬂﬂlﬂﬂlﬂﬁﬂ tazuuanmuanu
1 a A A = 1 a 1 a d' 091 v = a
ﬁﬂuﬂﬁgﬂ@ﬂ%ﬂﬁﬂu’l’ii@'ﬂlﬂﬁﬂﬂﬁlQﬂuwﬂmﬂﬁlliﬂfuﬂﬂu Gl,uu'lﬁ\?ﬂgﬁﬂgl,ﬂﬂﬁ'lﬁﬂizﬂﬁ]ﬂ

a 9 v A P a =4 a a ) Y a 9 =
mfwaumJmmuﬂ‘v]sﬂumiaummmzmiauuma"lwmmm@ (US EPA, 1984 91909 U

Y v
o A A

a o A ' 1 = IS ] a
WHO, 2001) 50% ve33mnmdanzdneglunnaninanianzitlunsaszeglugiaseiium
=3 rfd‘ ] ] J ] . . A . e ! J
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o A Am <3 A oa/l o 9 a A d a A A '
Waantan e NeUNIMNAIZNAAFUAIATOUNTE azasoiunIdneglugl
J 1 :} ' ] 1 A a ! @
puMAABAaned pH  vewunauihivadiuuneglureinamsnldsunilasvesmsgad
TanzminTueynia msuldeunilas pH liiies 0.5 Tnaildinannuuanadeidingdezod
lugingnaadunio Tugiiuanda Florence  (1977) wudszau pH  Faeishlvinans
ti' 1 1 a 1Y = Q' d? 1 oy a Lﬂy ti'ti'd 1
nasumlasegluag 6.0-6.1 Ysunaudensdnvvuny luuranihusnanunninssigg Tu
1 oy A a A dA o @ A a Y] [ [ = sld'
uraniide assunidiunumdingiesnnasamaiusziudinedIdn pH - qa

1 @ 3 A o 2 d? (5 [ g‘
(11N 6.5) ﬂ\TL!‘LIﬂ']ﬁLﬂaﬂu!Lﬂaﬂﬂlﬂﬂﬁﬂﬂzﬁiu‘ﬂmaﬁ’]‘ﬂﬂlu@QﬂUﬂQWNLﬂUﬂﬁﬂm@QUT
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v S AN & & &
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Enzyme or Protein

Reaction

Carbonic anhydrase

CO, + OH --> HCO,

Superoxide dismutase

20,-+2H -->H,)0,+0,

Aldolase aldol condensation in glycolysis cycle
DNA polymerase Polymerization of DNA

RNA polymerase Polymerization of RNA
Transcarboxylase Rearrangement of carboxylates
carboxypeptidase A hydrolysis of C-terminals of amino acids

Pyruvate carboxylase

glycolysis reaction

alcohol dehydrogenase

dehydrogenation of alcohols

Estrogen receptor

activation of estrogen-inducible genes

111 Kendrick (1992)

a A = ng a A = 9 A 2+ =
NITINANHUBDAULAANINHUBDIVUDAIIDA UV AN LLﬂﬂLlJEJiJL‘lH"hJLWIUVI Zn tazy

Aa A LY v A J a L Q‘ a & o o
UszansnnlumsugaduiuaLUAUAUDIAITOUNT S IuTIlF I FIUSsadauaua ey

9
(2

ms%uﬁ”umg: sulphydryl (-SH) Taamudauaaiine (Viarengo and Nott, 1993)

Hg2+ < Cd2+ . Cu2+ > Zn2+

Wouaaeud Uiy —SH [1d2 i ldimanisnlasiilaslassadaazrinnues

1 Y 1 T v 4 A a
Turanamia1l daWansENUABINEALNINIATNYBIFAAUDIFITIn 1a

=\ 3 ~ AaR ¥ A Ao d [ [ &
LmﬂmEmuummn‘mﬂaﬂuuﬂmmmuaa%u Llagﬁu'l‘ﬂsllf]Qﬁ“{]‘ﬂiﬂ!ﬂﬂ@]ﬂi'l\iﬂWﬂ BN

= 1 ~ ~ [ 3 J =

mﬂm‘iﬁﬂmwmmmmamwaslum‘itmmL'e‘)u"l,cmuazTﬂmu“l,umﬂmamsluwaawmm

' (Y] U = = @ z 4 J dy 1 o J J 4
lLGllliJ‘lfﬂ!%u’H!LﬂﬂLiJElllllNﬁll‘ﬂEJ‘]JEN!E]uUlG]ﬁJWiﬂWuﬁluiNﬂWEl"llﬂﬁﬁﬁ’Jﬂﬂﬁﬂﬁ Lmlﬁuklclﬂl
& A - < A g A Yo ~
ﬂﬁ‘l’mﬂﬂl!ﬁﬂ\‘i&luﬂﬁﬁ‘ﬂ 2.5 LﬂuIlJLﬁfjﬁ‘mﬂul‘ﬂWi‘ﬂﬂEI‘VI%zllﬂiUWﬁﬂ‘ig‘Vl‘UmﬂllﬂﬂwJﬂiJ nag
A ~ = a o Jd o A 1 = aa
mmmﬂmﬁnmemummmmﬂwuﬁzTmuauﬂﬂﬂmaqa@u YU T‘]JWIL! LUaZaLolLD Tﬂ‘c’l

v W { a 1 : o o’ogjl 1
uaadionazidn l)dudu TsAunuSnanqy sulfhydral Fevziinasildoulaiiuldaunse



25

Y
Ml wenInildiauIninais DNA  Tagasalaemsindunuy Taenss n3eriunig
% { <3 o QBJ} a ]
reactive oxygen G§01uﬁqﬂzgﬂﬂgﬁﬂuﬂﬂzﬁwmiaﬂummmma«dﬁmazﬂﬁmum divalent cations
A A ] o = <3 =\ A A ~ Yy A (A
¥UADY 1¥U AINSH 1MAN MUINILE NoIUAd Fartley uazunarkey Taed luvaznlsuia
a I A
a2 kY ‘]Ju =

{o & 1 y [ 1 A
‘ﬁ’]@!ﬁ%]lﬂuvﬁﬁ1ﬁﬁllulﬁENW@@]@ﬂ?WN&)@Qﬂqiﬂl@Qﬁquﬂf’Jﬁllaj AIMUIUUNHUDILUAAINIY LAY

a 49' A A 431 v 9 y a Ao & o 1 =\
ﬂimmmiazau"lmuammzmmmmu Gl,‘Ltl‘I/IN@]ﬁQ'ﬂ‘LlélﬂiJ ﬂ”l‘ﬂiﬂﬂm‘ﬁ”lﬂ‘i/lml‘ﬂuﬂﬂﬂﬁ”l’mlﬂﬂ

a 9 Y < o a A =) Y o = 3
nuanudesnsudl nazawnsatlesnumainansvewnadion1d Tasmmzdangmilusig
~ o ~ 1 =1 ] ~ ~ ) Y a
prnsndngngalunisdnilessunmeanuaaiion dengdaunsamionirliinanis
[ A Y . \ J A Yo = dy I
toanuTagingeal metallothionein  AOUNT 19N 1dSUUAAIT BN UONIINTNDILAINT
wady 1 ] 1 ) o ~ ~ =1 1 = = 3
auauaiua luwnnmladn densd newas wazuniia Inaaomsgaduuaadion man
a = dy =~ - ' . 1 < a
nsauednadn taz 11san HennNluAaITaN (AL thiols 1FU cysteine 3FIoAAANMTUNY
= Yy an A [~ | =) @ [} =) % [ I a
voauaaliay 1ade Farisunmmfedfiusieina lammzailumsilesduanuduivvea
=\ 9
upaiion'ld
= A o v 4 = @ =S a 1 a
naHaMsany gauiusvesuaasutasdanzd ludamatesianunansoma
A o @ L&Y [] [
Ufduiusiuldvaregiuuy wu luilal flagfish (Jordanella floridae) W luaswauvo
=\ [ a A | = a 1 o =} I a 1 9 Y 13 o
uaNgNLasFINaNAMI UN VLUV ETLADNY LazNANMITUNEADUUINUBY LANHY
1A (% a A a A Y =K .
WINANNHVITINS ANEIBHAAY (Spehar et al., 1978 9199911 WHO, 2001) Tu1)a1 chinook

o J J

salmon (Oncorhynchus tshawytscha) ﬁﬂf}&’uwummmmﬁ’waum (Finlayson and Verrue,

1982 91991y WHO, 2001) drulutla1qnge (Clarias macrocepharus) Wunidagiuny
I a [~ Aa 1 [ ] a <o
Wiy 101, 1:2 1ag 2:1 ua@aInNUIUNEI WA ULULNINNIIHAUIN (@TNGNTNU) (Pattance
-, . 1 Ao d I~ S 1
Saisombat, 1983) uagauIIndnNUNUfFuTusvzTumuuA ugniiu 1wy luan rainbow
{ v o o 1T Aa I [ A [
trout (Salmo gairdnerd) N1Asudenzd (100 lulnsnsuaeans) Hunar 17 Ju oz laiiuam
) @ v 1A I o 1A
120-h LC,, dwmisuuaadionan 1.1 lulasnsuaeansiiu 4.1 lulnsnsuaedns (Anadu er al.,
1989) LAZIINMIANBIHAVDUAAoNUAZTINE TADNITAI8DI sperm  Tutlaianimde
(Clarias gariepinus) #131UFmavoanaioninnly gonads Fanamsazannmslasy
Y v
Tanguiinniniimsoomsaziilinisaiove s sperm— anaslussuinnazaueglu testis
[~ a =\ 1 A v o W A Yo @ = a A 0w A
anuiluisvewnadionanaseeniiiedidn e lasuding & lullSinammanu wiewnan
ANuANgaTEHINUAATsNIazdInz & 11 binding sites Y09 sperm (Kime et al., 1996) 130013
[ Y1 o =\ @ I a =\ A o =\
aanldndancdarusodlesdiunnuduiivvesunalion eandenzdaiuisoannis
=\ 9 [ z = = A A 1 ]
azduvownaaiionldTagnisdudinisgaduuaaionainlumlon vie Tagn1sdarniu
= (% o 1 d' = U = ti’ tﬂ'
uaadion ldeSerzaely drumshuaaliouaunsoaamsazanvesdanzd luiiotoves
Yan drunilaaunsoeiuie ld Tlasmsuvadunuszrinelane 2 wila lumsduduldsauiey

15U metallothionein H30dUNVIANUNMIAAFU LMo

9 U



26

2.6 anuiluiivveanaisumazdinzanoian

Taoia li/seouvesTangminazdn lsuduTusau davemsvudansaosd Tur
Lé@ﬁ:m%ﬁﬁ' finasoou Tl Tagmniy DNA polymerase, Ca-ATPase, Na-K ATPase uazﬁué‘?&
13109 glutathione drumansznuiimalumadiu Tangminzidh lliavnanszuiums
WeUDAT 1Az THan I FuATIZY metallothionein 119% DNA UBNINTETHAREMIDDATITE

VY94 RNA @19
I~ a =
2.6.1.  anuilunyveanaaiion

A o | a = 1 g‘ A A [} v A
pIiMsNFanuvesnnuuiyvonalionaedaniinafonu liaugavesszaud
3 [y aaj 4 { ] 1
DOUINIIZNITAAAIVBY Ca, Na  tag C1 Tasuaamauaz hdudusu lyinlslumsaanug
a = o Qs’l o o 4 o FY (] = v A
900U Tasuaamieuas l1lduduen ol ca-ATPase Jumiiasadveidt ldvear wu@erfun
a = d' 1 d‘ 9 o =1 = [ 3 =2 = A
Usnamleniosninnuiule lasunaadionsziimsdugimagasuuaaidon lumlonveelu
v & o Yy ) = 1Y) [ =1 Y] 3 4
szuzanande uazluszezdrvon luihueunsnunuuaaiouas ldudauon lai Na/K-
A 4 & 1 9 A 9
ATPase lutnionian (Sylviane and Gostan, 1994) FiHanon a3 19 ATP lumvsenilaidie

TagiuReunauvesnadionludarsiacnieeg Taimssiusin B3 lumsen 2.6



A15199 2.6 WHReUNaUVLAAaunola1rian1e9

27

Organism Size/ age | Stat/ Flow * | Temperature Hardness " pH Duration LC,, (mg/litre) References
(°C) (mg/litre) (h)
Chinook salmon(Onchorhynchus | juvenile | Flow 11-13 20-22 7.0-7.3 | 96 0.001 (+ 0.0007) Finlayson & Verrue (1982)
thawytscha)
Rainbow trout Juvenile | Flow 6.4-8.3 96 0.0066 Hale (1977)
(Salmo gairdneri) 5-15¢g Stat 8.5-10.7 61-65 7.4 48 2.9 Pascoe et al. (1986)
5-15¢ Stat 8.5-10.7 283-317 7.4 48 5.7 Pascoe et al. (1986)
5-15¢g Stat 8.5-10.7 61-65 7.4 96 1.3 Pascoe et al. (1986)
5-15¢g Stat 8.5-10.7 283-317 7.4 96 2.6 Pascoe et al. (1986)
Fathead minnow adult Stat 25 20 ) 24 1.09 (0.79-2.91) Pickering & Henderson (1966)
(Pimephales promelas) adult Stat 25 360 8.2 24 78.1 (57.2-117) Pickering & Henderson (1966)
adult Stat 25 20 7.5 48 1.09 (0.79-2.91) Pickering & Henderson (1966)
adult Stat 25 360 8.2 48 72.6 (52.7-105) Pickering & Henderson (1966)
adult Stat 25 20 7.5 96 1.05 (0.7-4.43) Pickering & Henderson (1966)
adult Stat 25 360 8.2 96 72.6 (52.7-105) Pickering & Henderson (1966)
adult Stat 18-22 190-210 7.7 48 0.1 (0.07-0.17) Hall et al. (1986)
adult Stat 18-22 190-210 7.7 96 0.09 (0.07-0.14) Hall et al. (1986)
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Organism Size/ age Stat/ Flow * | Temperature Hardness pH Duration LC,, (mg/litre) References
(°C) (mg/litre) (h)
Bluegill sunfish adult Stat 25 20 /] 24 4.56 (3.64-6.08) Pickering & Henderson (1966)
(Lepomis macrochirus) adult Stat 25 20 7.5 48 2.76 (2.02-3.46) Pickering & Henderson (1966)
adult Stat 25 20 7.5 96 1.94 (1.33-2.35) Pickering & Henderson (1966)
Goldfish adult Stat 25 20 7.5 24 3.46 (2.85-4.82) Pickering & Henderson (1966)
(Carassius auratus) adult Stat 25 20 7.5 48 2.62 (2.04-3.68) Pickering & Henderson (1966)
adult Stat 25 20 7.5 96 2.34 (1.81-3.16) Pickering & Henderson (1966)
Guppy(Poecilia reticulata) adult Stat 25 20 7.5 24 3.37 (2.73-4.81) Pickering & Henderson (1966)
adult Stat 25 20 75 48 2.31(1.78-3.11) Pickering & Henderson (1966)
adult Stat 25 20 7.5 96 1.27 (0.97-1.71) Pickering & Henderson (1966)
3-4 weeks Flow 23-25 1 mM 24 10.4 Canton & Slooff (1982)
3-4 weeks Flow 23-25 1 mM 48 5.7 Canton & Slooff (1982)
3-4 weeks Flow® 23-25 I'mM 72 43 Canton & Slooff (1982)
3-4 weeks Flow 23-25 1 mM 96 3.8 Canton & Slooff (1982)
3-4 weeks Flow* 23-25 2 mM 24 33 Canton & Slooff (1982)
3-4 weeks | Flow® 23-25 2mM 48 20.5 Canton & Slooff (1982)
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Organism Size/ age Stat/ Flow * | Temperature Hardness pH Duration LC,, (mg/litre) References
(°cO) (mg/litre) (h)
Guppy(Poecilia reticulata) 3-4 weeks | Flow* 23-25 2 mM 72 14.4 Canton & Slooff (1982)
3-4 weeks | Flow® 23-25 2 mM 96 11.1 Canton & Slooff (1982)
Green sunfish adult Stat 25 20 7.5 24 7.84 (6.13-14.2) Pickering & Henderson (1966)
(Lepomis cyanellus) adult Stat 25 360 8.2 24 88.6 (74-106) Pickering & Henderson (1966)
adult Stat 25 20 7.5 48 3.68 (2.89-4.69) Pickering & Henderson (1966)
adult Stat 25 360 8.2 48 71.3 (56.3-92.2) Pickering & Henderson (1966)
adult Stat 25 20 FeS5 96 2.84 (2.1-3.56) Pickering & Henderson (1966)
adult Stat 25 360 8.2 96 66 (51.7-84.4) Pickering & Henderson (1966)
Golden shiner Flow 72.2 7.5 96 2.8(1.9-4.3) Hartwell et al. (1989)
(Notemigonus crysoleucas)
Puntius arulius 24¢ Stat " 23-27 60-70 7.5 24 59.99 (58.5-61.5) Shivaraj & Patil (1988)
24¢ Stat " 23-27 60-70 7.5 48 45.7 (43.9-47.5) Shivaraj & Patil (1988)
24¢ Stat " 23-27 60-70 7.5 72 41.7 (39.7-43. Shivaraj & Patil (1988)
24¢ Stat” 23-27 60-70 7.5 96 39 (36.5-41.7) Shivaraj & Patil (1988)
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Organism Size/ age Stat/ Flow * | Temperature Hardness pH Duration LC,, (mg/litre) References
(°cO) (mg/litre) (h)
Killifish (Oryzias latipes) 4-5 weeks | Stat” 23-25 I mM 48 >2.8 Canton & Slooff (1982)
4-5 weeks Stat 23-25 1 mM 72 0.35 Canton & Slooff (1982)
4-5 weeks Stat " 23-25 1 mM 96 0.35 Canton & Slooff (1982)
4-5 weeks Stat " 23-25 2 mM 24 >2.6 Canton & Slooff (1982)
4-5 weeks Stat " 23-25 2 mM 48 1.8 Canton & Slooff (1982)
4-5 weeks Stat " 23-25 2 mM 72 0.17 Canton & Slooff (1982)
4-5 weeks Stat " 23-25 2 mM 96 0.13 Canton & Slooff (1982)
Zebra fish 6 months Flow 19-21 1.7 mM 24 7 Canton & Slooff (1982)
(Brachydanio rerio) 6 months Flow 19-21 1.7 mM 48 4.2 Canton & Slooff (1982)

7 : WHO (1992)
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Organism Size/age Stat/Flow | Temp | Hardness pH Zinc salt Concentrations References
) (mg/litre) (mg/litre)
Chinook salmon 1.03 g Stat n 211 7.4-8.3 | chloride 1.27 (n) Hamilton & Buhl (1990)
(Oncorhynchus tshawytscha) (47.3%)
Jjuvenile Flow 11-13 | 20-21 7.1-7.2 | sulfate 0.084 (m) Finlayson & Verrue (1982)
alevin Flow 12 23 7.1 >0.66 (n) Chapman (1978)
swim-up Flow 12 23 Tl 0.097 (n) Chapman (1978)
parr Flow 12 23 7.1 0.46 (n) Chapman (1978)
smolt Flow 12 23 7.1 0.7 (n) Chapman (1978)
Coho salmon alevin Stat 12 41 7.1-8.0 | chloride 0.73 (n) Buhl & Hamilton (1990)
(O. kisutch) 047 ¢ Stat 12 41 7.1-8.0 | chloride 0.82 (n) Buhl & Hamilton (1990)
0.63¢g Stat 12 41 7.1-8.0 | chloride 1.81 (n) Buhl & Hamilton (1990)
2.7kg Flow 14 25 7.4 chloride 0.91 (n) Chapman & Stevens (1978)
Rainbow trout alevin Stat i’ 41 7.1-8.0 | chloride 2.17 (n) Buhl & Hamilton (1990)
(O. mykiss) 0.60 g Stat 12 41 7.1-8.0 | chloride 0.17 (n) Buhl & Hamilton (1990)
juvenile Flow 6.4-8.3 | -acetate 0.550 (m) Hale (1977)
alevin Flow 12 23 7.1 0.815 (n) Chapman (1978)
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Organism Size/age Stat/Flow | Temp | Hardness pH Zinc salt Concentrations References
‘) (mg/litre) (mg/litre)
Rainbow trout swim-up Flow 12 23 7.1 0.093 (n) Chapman (1978)
(O. mykiss) parr Flow 12 23 el 0.136 (n) Chapman (1978)
smolt Flow 12 23 7.1 >0.651 (n) Chapman (1978)
2.7kg Flow 10 83 7.45 chloride 1.76 (n) Chapman & Stevens (1978)
juvenile Flow 15 26 6.8 sulfate 0.43 (n) Sinley et al. (1974)
juvenile Flow 15 333 7.8 sulfate 7.21 (n) Sinley et al. (1974)
25-70 g Flow 12.7 137 7.3 sulfate 2.6 (m) Meisner & Quan Hum(1987)
160290 g | Flow 12.9 143 7.1 sulfate 2.4 (m) Meisner & Quan Hum(1987)
Cutthroat trout 06¢g Stat 10 38 7.5 sulfate 0.152 Mayer & Ellersieck (1986)
(Salmo clarki) 09¢g Stat 15 43 7.5 sulfate 0.600 Mayer & Ellersieck (1986)
09¢g Stat 10 40 7.8 sulfate 0.130 Mayer & Ellersieck (1986)
10g Stat 10 40 8.5 sulfate 0.061 Mayer & Ellersieck (1986)
10g Stat 10 38 6.5 sulfate 0.100 Mayer & Ellersieck (1986)
1.0g Stat 5 38 7.5 sulfate 0.074 Mayer & Ellersieck (1986)
7.8 sulfate 2.61 (n) Broderius & Smith (1979)
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Organism Size/age Stat/Flow | Temp | Hardness pH Zinc salt | Concentrations References
o) (mg/litre) (mg/litre)
Fathead minnow 79 mg Flow 25 220 7.5 sulfate 0.77-0.96 (n) Pickering & Henderson (1966)
(Pimephales promelas) 12¢g Stat 25 20 8.2 sulfate 33.4 (n) Pickering & Henderson (1966)
12¢g Stat 25 7.5 acetate 0.88 (n) Pickering & Henderson (1966)
12¢g Stat 28 9.5 2.33 (n) Pickering & Henderson (1966)
12¢g Stat 15 2.55(n) Pickering & Henderson (1966)
Arctic grayling fry Stat 12 7.1-8.0 | chloride | 0.32 (n) Buhl & Hamilton (1990)
(Thymallus arcticus) alevin Stat 12 7.1-8.0 | chloride | 2.92 (n) Buhl & Hamilton (1990)
020¢g Stat 12 7.1-8.0 | chloride 0.14 (n) Buhl & Hamilton (1990)
0.85¢g Stat 12 7.1-8.0 | chloride 0.17 (n) Buhl & Hamilton (1990)
Bluegill 12¢g Stat 25 7.5 sulfate 4.85-5.82 (n) Pickering & Henderson (1966)
(Lepomis macrochirus) 12¢g Stat 25 8.2 sulfate 40.9 (n) Pickering & Henderson (1966)
12¢g Stat 15 7.5 6.44 (n) Pickering & Henderson (1966)
Pumpkinseed Stat 28 8.0 20.1 (m) Rehwoldt et al. (1972)
(Lepomis gibbosus)
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Organism Size/age Stat/Flow | Temp | Hardness pH Zinc salt | Concentrations References
o) (mg/litre) (mg/litre)

Banded killifish Stat 28 8.0 19.2 (m) Rehwoldt et al. (1972)

(Fundulus diaphanus)

Striped bass Stat 28 8.0 6.8 (m) Rehwoldt et al. (1972)

(Roccus saxatilis)

White perch Stat 28 8.0 14.4 (m) Rehwoldt et al. (1972)

(Roccus americanus)

American eel Stat 28 8.0 14.5 (m) Rehwoldt et al. (1972)

(Anguilla rostrata)

Carp Stat 28 8.0 7.8 (m) Rehwoldt et al. (1972)

(Cyprinus carpio) 3.2 cm Stat* 15 7.1 sulfate 0.45-1.34 (n) Alam & Maughan (1992)
6.0 cm Stat* IS 7.1 sulfate 1.64-2.25 (n) Alam & Maughan (1992)
47-62 mm | Stat* 15 6.3 sulfate 3.12 (n) Khangarot et al. (1983)

Goldfish 12¢g Stat 25 7.5 sulfate 6.44 (n) Pickering & Henderson (1966)

(Carassius auratus)
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Organism Size/age Stat/Flow | Temp | Hardness pH Zinc salt | Concentrations References
o) (mg/litre) (mg/litre)
Guppy 0.1-0.2 g Stat 25 7.5 sulfate 1.27 (n) Pickering & Henderson (1966)
(Poecilia reticulata)
Flagfish Jjuvenile Flow 25 7.1-7.8 | sulfate 1.5 (n) Spehar (1976)
(Jordanella floridae)
Channelfish 500 mg Stat 6.1 6.06 (n) Abbasi & Soni (1986)
(Nuria denricus)
Tilapia subadult Stat 9.3 6.7 sulfate 33 (n) Hilmy et al. (1987)
(Tilapia zilli) subadult Stat 25 6.7 sulfate 13 (n) Hilmy et al. (1987)
Catfish subadult Stat 9.3 6.7 sulfate 52 (n) Hilmy et al. (1987)
(Clarius lazera) subadult Stat 25 6.7 sulfate 26 (n) Hilmy et al. (1987)
“ﬁiﬂ : WHO (2001)
UL m = measured concentrations

n =nominal concentrations
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wamsnaassveauaaiies]uamnasazaenfedlaads Probit analysis

Output from Probit Procedure
HR=96

89

Probit Procedure
Probit Analysis on CONC

Probability CONC 95 Percent Fiducial Limits
Lower Upper
0.01 345.96363 136.18697 3158
0.02 209.56207 95.15623 1352
0.03 155.81861 76.93392 819.04165
0.04 125.99541 66.02991 572.17643
0.05 106.66832 58.55517 432.09215
0.06 92.96490 53.01007 342.76696
0.07 82.65865 48.67733 281.29347
0.08 74 .57698 45.16494 236.64472
0.09 68.03931 4223813 202.88766
0.10 62.62146 39.74657 176 .55990
0.15 45.03089 31.13091 101.90021
0.20 35.13068 25.78013 67.68074
0.25 28.61739 21.93676 48.54547
0.30 23.92387 18.90733 36.59056
0.35 20.33154 16.34459 28.60807
0.40 17.46043 14.05023 23.06683
0.45 15.08890 11.92084 19.13010
0.50 13.07786 9.93700 16.26280
0.55 11.33485 8.13099 14.08424
0.60 9.79532 6.53376 12.33293
0.65 8.41208 5.15049 10.84402
0.70 7.14895 3.96677 9.51623
0.75 5.97645 2.96055 8.28337
0.80 4.86841 2.10956 7.09511
0.85 3.79807 1.39476 5.90250
0.90 2.73118 0.80231 4.63838
0.91 2.51370 0.69781 4.36722
0.92 2.29334 0.59795 4.08639
0.93 2.06912 0.50278 3.79347
0.94 1.83973 0.41240 3.48514
0.95 1.60339 0.32699 3.15662
0.96 1.35743 0.24682 2.80061
0.97 1.09763 0.17234 2.40481
0.98 0.81613 0.10438 1.94526
0.99 0.49436 0.04466 1.35994
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WansNAaeIveIFInEd lHamMnasazaenialaeds Probit analysis

Output from Probit Procedure
—————————————————————————————— HR=96 --———-—- -
Probit Procedure
Probit Analysis on CONC

Probability CONC 95 Percent Fiducial Limits
Lower Upper
0.01 80.63124 67.63167 113.34198
0.02 72.56395 62.38857 96.99953
0.03 68.18030 59.46792 88.49235
0.04 65.20144 57.44941 82.86953
0.05 62.95781 55.90859 78.72258
0.06 61.16349 54.66215 75.46255
0.07 59.67073 53.61455 72.78999
0.08 58.39359 52.70982 70.53294
0.09 57.27781 51.91242 68.58405
0.10 56.28705 51.19839 66.87207
0.15 52.51620 48.41893 60.52753
0.20 49.84478 46.37109 56.21805
0.25 47.74112 44 .69082 52.95531
0.30 45.97618 43.21574 50.32682
0.35 44 42976 41.85634 48.12375
0.40 43.02997 40.55592 46.22632
0.45 41.72916 39.27535 44 55824
0.50 40.49269 37.98658 43.06500

0.60 38.10502 35.30560 40.43170
0.65 36.90450 33.87980 39.21459
0.70 35.66321 32.36965 38.01280
0.75 34.34478 30.74201 36.78317
0.80 32.89528 28.94198 35.46973
0.85 S22 O 26.86951 33.98454
0.90 29.13029 24 .31146 32.15120
0.91 28.62641 23.70306 31.71104
0.92 28.07942 23.04666 31.23329
0.93 27.47843 22.33065 30.70814
0.94 26.80779 21.53848 30.12145
0.95 26.04376 20.64530 29.45169
0.96 25.14758 19.61098 28.66352
0.97 24.04886 18.36376 27.69231
0.98 22.59604 16.75210 26.39766
0.99 20.33527 1433558 24 .35304
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220803
220803
220803
220803
220803
220803
220803
220803
220803
220803
220803
220803
220803
220803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803
250803

10903

10903

10903

10903

10903

v
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Tae3s Response Surface Analysis
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RPOROOWALAIOIOWRDMDMODLAUIOOON
CORPAONDADONRDIRAONTIOOOO®D

Coding Coefficients for the Independent Variables

Subtracted off

10.000000
22.500000

Divided by

10.000000
22.500000

Response Surface for Variable M24

30 10903 9 8
30 10903 10 10
30 10903 8 7
30 10903 6 6
30 10903 6 5
35 10903 9 9
35 10903 5 4
35 10903 7 5
35 10903 7 6
35 10903 7 5
40 10903 10 9
40 10903 8 7
40 10903 7 7
40 10903 7 6
40 10903 6 3
45 10903 9 7
45 10903 9 6
45 10903 9 8
45 10903 7 5
45 10903 9 9
Factor
CD
ZN
Response
Root MSE
R-Square
Coef. of
Degrees
of
Regression Freedom
Linear 2
Quadratic 2
Crossproduct x
Total Regress 5
Degrees
of
Residual Freedom
Lack of Fit 19
Pure Error 50
Total Error 69

Mean 12.533333
18.414633
0.0867
Variation 146.9253
Type 1 Sum
of Squares R-Square
2190.533333 0.0855
17.255439 0.0007
13.066667 0.0005
2220.855439 0.0867
Sum of
Squares Mean Square
4997.811227 263.042696
18400 368.000000
23398 339.098713

F-Ratio
3.230
0.0254

0.0385
1.310

F-Ratio
0.715

92

Prob > F
0.0456
0.9749

0.8450
0.2700

Prob > F
0.7863



Parameter
Degrees
of Parameter Standard T for HO:
Parameter Freedom Estimate Error Parameter=0 Prob > |T]|
INTERCEPT 1 1.247604 8.404303 0.148 0.8824
CD 1 0.755810 1.203912 0.628 0.5322
ZN 1 0.043642 0.560022 0.0779 0.9381
CD*CD 1 0.003810 0.050829 0.0749 0.9405
ZN*CD 1 -0.003733 0.019019 -0.196 0.8450
ZN*ZN 1 0.002580 0.012126 0.213 0.8321
Degrees
of Sum of
Factor Freedom Squares Mean Square F-Ratio
CD 3 1958.971429 652.990476 1.926
ZN 3 274 .950678 91.650226 0.270

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded

CcD -17.010708 -160.107081

ZN -6.524452 -124_.300165

Predicted value at stationary point -61.969996
Eigenvectors

Eigenvalues Ccbh ZN
1.468324 -0.360309 0.932833
0.218726 0.932833 0.360309

Stationary point is a minimum.
Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 10.000000 10.000000
ZN 22.500000 22.500000

Response Surface for Variable M48

Response Mean 25.466667
Root MSE 16.233709
R-Square 0.3655

Coef. of Variation 63.7449

93

Estimate
from Coded
Data

10.634700
.480000
. 754146
-380952
.840000
.306098

RPOONSN

Prob > F

0.1335
0.8466



Re
La

Pu
To

Parameter

INTERCEPT

Regression

Linear
Quadratic
Crossproduct
Total Regress

sidual

ck of Fit
re Error
tal Error

Degrees
of
Freedom

RRRPRRE

Factor

CD
ZN

Degrees
of Type 1 Sum
Freedom of Squares R-Square F-Ratio
2 9761.200000 0.3406 18.520
2 708.268990 0.0247 1.344
1 5.400000 0.0002 0.0205
5 10475 0.3655 7.950
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 4317.131010 227.217422 0.819
50 13867 277.333333
69 18184 263.533300
Parameter Standard T for HO:
Estimate Error Parameter=0 Prob > |T]|
0.670662 7.408945 0.0905 0.9281
1.788190 1.061328 1.685 0.0965
-0.313041 0.493696 -0.634 0.5281
-0.017143 0.044809 -0.383 0.7032
-0.002400 0.016766 -0.143 0.8866
0.017041 0.010690 1.594 0.1155
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
3 7116.638095 2372.212698 9.002
3 3363.630894 1121.210298 4.255

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded
CD 4.125992 51.259917
ZN -0.431341 12.794830

Predicted value at stationary point 44 499259

94

Prob > F
0.0000
0.2676

0.8866
0.0000

Prob > F
0.6749

Parameter

Estimate

from Coded

Data

17.881696
13.913333
9.670244
-1.714286
-0.540000
8.626829

Prob > F

0.0000
0.0081



Regression

Linear
Quadratic

Crossproduct
Total Regress

Residual
Lack of Fit
Pure Error
Total Error
Degrees
of
Parameter Freedom
INTERCEPT 1
CD 1
ZN 1
CD*CD 1
ZN*CD 1
ZN*ZN 1

Eigenvectors
Eigenvalues CcD ZN
8.633874 -0.026083 0.999660
-1.721330 0.999660 0.026083

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 10.000000 10.000000
ZN 22.500000 22.500000

Response Surface for Variable M72

Response Mean 39.600000
Root MSE 16.289741
R-Square 0.6224
Coef. of Variation 41.1357
Degrees
of Type 1 Sum
Freedom of Squares R-Square F-Ratio
2 25579 0.5275 48.198
2 4366 .924971 0.0901 8.228
1 232.066667 0.0048 0.875
5 30178 0.6224 22.746
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 1776.208362 93.484651 0.283
50 16533 330.666667
69 18310 265.355677
Parameter Standard T for HO:
Estimate Error Parameter=0 Prob > |T]|
6.748246 7.434518 0.908 0.3672
1.503238 1.064991 1.412 0.1626
-1.240846 0.495400 -2.505 0.0146
0.001905 0.044964 0.0424 0.9663
0.015733 0.016824 0.935 0.3530
0.043512 0.010727 4.056 0.0001

95

Prob > F
0.0000
0.0006

0.3530
0.0000

Prob > F
0.9981

Parameter
Estimate

from Coded

Data

19.620128
18.953333
19.677073
0.190476
3.540000
22.028049



Degrees

of Sum of

Factor Freedom Squares Mean Square F-Ratio
CD 3

ZN 3

15433
14977

5144 .403175
4992.438482

19.387
18.814

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor

Coded

Uncoded

CD
ZN

Predicted value

Eigenvalues

22.170582
0.047943

Station

Coding Coefficie
Factor

CD
ZN

Response

Response
Root MSE
R-Square
Coef. of

Degrees
of
Regression Freedom
Linear
Quadratic
Crossproduct
Total Regress

R NN

-180.012117
14.017715

-1790.121167
337.898588

at stationary point -1548.380896

Eigenvectors
ZN

0.080268
0.996773

0.996773
-0.080268

ary point is a minimum.

nts for the Independent Variables
Subtracted off Divided by

10.000000
22.500000

10.000000
22.500000

Surface for Variable M96

51.466667
16.401232
0.6546
31.8677

Mean

Variation

Type I Sum
of Squares R-Square F-Ratio

25037
7907 .704220
2232.600000

35178

0.4659
0.1472
0.0415
0.6546

46.538
14.698

8.300
26.154
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Prob > F

0.0000
0.0000

Prob > F

0.0000
0.0000
0.0053
0.0000



Re

La
Pu
To

Parameter

INTERCEPT
CD

ZN

CD*CD
ZN*CD
ZN*ZN

Degrees
of Sum of
sidual Freedom Squares Mean Square F-Ratio
ck of Fit 19 3894 .362447 204.966445 0.699
re Error 50 14667 293.333333
tal Error 69 18561 269.000422
Degrees
of Parameter Standard T for HO:
Freedom Estimate Error Parameter=0 Prob > |T|
1 31.621804 7.485402 4.224 0.0001
1 -0.153524 1.072280 -0.143 0.8866
1 -2.154992 0.498791 -4.320 0.0001
1 0.030476 0.045272 0.673 0.5031
1 0.048800 0.016939 2.881 0.0053
1 0.058103 0.010800 5.380 0.0000
Degrees
of Sum of
Factor Freedom Squares Mean Square F-Ratio
CD 3 16179 5392.834921 20.048
ZN ] 21232 7077 .244264 26.309

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded
CD -2.857313 -18.573125
ZN 0.170856 26.344263
Predicted value at stationary point 4.661677
Eigenvectors
Eigenvalues CcDh ZN
30.512057 0.196017 0.980600
1.950196 0.980600 -0.196017

Stationary point is a minimum.

97

Prob > F
0.8022

Parameter
Estimate

from Coded

Data

25.041502
15.540000
21.321951

3.047619
10.980000
29.414634

Prob > F

0.0000
0.0000
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date

160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
160303
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
300503
130603
130603
130603
130603
130603
130603
130603
130603

v
= a

Nngaunfa

Tae3s Response Surface Analysis
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130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
130603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
200603
250603
250603
250603
250603
250603
250603
250603
250603
250603
250603
250603
250603
250603
250603
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0 45 250603
5 45 250603
10 45 250603
15 45 250603
20 45 250603
Regression
Linear
Quadratic
Crossproduct

Total Regress

Residual
Lack of Fit
Pure Error
Total Error
Degrees
of
Parameter Freedom
INTERCEPT 1
CD 1
ZN 1
CD*CD 1
ZN*CD 1
ZN*ZN 1

RPWORN
oRrUIRO®

orARO®
oRrwrU

Coding Coefficients for the Independent Variables

Factor

CD
ZN

Response

Response
Root MSE
R-Square
Coef. of

Degrees
of
Freedom

QR NN

Degrees
of S
Freedom S

28 98
88
116

Parameter <!
Estimate

0.351102
0.695118
-0.292086
-0.014918
0.062268
0.018828

Subtracted off Divided by
12.500000 12.500000
25.000000 25.000000

Surface for Variable M24
Mean 45.000000
21.874906
0.6266
Variation 48.6109
Type | Sum
of Squares R-Square F-Ratio
85148 0.5728 88.971
3003.066603 0.0202 3.138
4992 .032308 0.0336 10.432
93143 0.6266 38.930
um of

quares Mean Square F-Ratio

87.336657 353.119166 0.681

45620 518.409091
55507 478.511523

tandard T for HO:

Error Parameter=0 Prob > |T]|
8.053543 0.0436 0.9653
0.985281 0.706 0.4819
0.483055 -0.605 0.5466
0.037430 -0.399 0.6910
0.019278 3.230 0.0016
0.010128 1.859 0.0656

100

Prob > F

0.
0.
0.
0.

0000
0471
0016
0000

Prob > F

0.8749

Parameter
Estimate

30.
23.
35.
-2.
19.
11.

from Coded

Data

633053
485724
691355
330953
458652
767430



Degrees

of Sum of

Factor Freedom Squares Mean Square F-Ratio
CD 3

ZN 3

44046
41550

14682
13850

30.683
28.944

Canonical Analysis of Response Surface
(based on coded data)

Critical Value
Factor Coded Uncoded
cbh -0.290305
ZN -1.276507

8.871184
-6.912668

Predicted value at stationary point 4.443911

Eigenvectors
Eigenvalues Ccbh ZN

16.732850
-7.296373

0.454578
0.890707

0.890707
-0.454578

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 12.500000

ZN 25.000000

12.500000
25.000000

Response Surface for Variable M48

57.459016
19.561384
0.6685
34.0441

Response Mean

Root MSE

R-Square

Coef. of Variation

Degrees
of Type I Sum

Freedom F-Ratio

Regression

Linear
Quadratic
Crossproduct
Total Regress

R NN

of Squares R-Square
84936
572.086975
4017.327734
89525

0.6343
0.0043
0.0300
0.6685

111.0
0.748
10.499
46.792

101

Prob > F

0.0000
0.0000

Prob > F

0.0000
0.4758
0.0016
0.0000



Re

La
Pu
To

Parameter
INTERCEPT
CD

ZN

CD*CD
ZN*CD
ZN*ZN

Degrees
of Sum of
sidual Freedom Squares Mean Square F-Ratio
ck of Fit 28 10177 363.469198 0.935
re Error 88 34210 388.750000
tal Error 116 44387 382.647737
Degrees
of Parameter Standard T for HO:
Freedom Estimate Error Parameter=0 Prob > |T]|
1 6.688654 7.201789 0.929 0.3549
1 0.421278 0.881077 0.478 0.6335
1 0.600210 0.431966 1.389 0.1673
1 -0.012729 0.033471 -0.380 0.7044
1 0.055859 0.017239 3.240 0.0016
1 0.004931 0.009057 0.544 0.5872
Degrees
of Sum of
Factor Freedom Squares Mean Square F-Ratio
CD 2 30229 10076 26.333
ZN 3 50896 16965 44 .336

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded

CD -1.697010 -8.712620

ZN -1.460508 -11.512688

Predicted value at stationary point 1.398423
Eigenvectors

Eigenvalues Ccb ZN
9.635125 0.600437 0.799672
-8.542346 0.799672 -0.600437

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables
Factor Subtracted off Divided by

CD 12.500000 12.500000
ZN 25.000000 25.000000

102

Prob > F
0.5650

Parameter
Estimate

from Coded

Data

45.508568
18.744033
38.624579
-1.988930
17.455918

3.081709

Prob > F

0.0000
0.0000



Response Surface for
Response Mean
Root MSE
R-Square
Coef. of Variation
Degrees
of Type 1 Sum
Regression Freedom of Squares
Linear 2 70339
Quadratic 2 796.306650
Crossproduct 1 1156 .554946
Total Regress 5 72292
Degrees
of Sum of
Residual Freedom Squares
Lack of Fit 28 10225
Pure Error 88 28033
Total Error 116 38259
Degrees
of Parameter Standard
Parameter Freedom Estimate Error
INTERCEPT 1 13.869267 6.686146
CD 1 -0.185419 0.817992
ZN 1 0.959300 0.401038
CD*CD 1 0.026562 0.031075
ZN*CD 1 0.029971 0.016005
ZN*ZN 1 0.002985 0.008409
Degrees
of Sum of
Factor Freedom Squares
CD 3 15687
ZN 3 48686

Canonical Analysis of Response Surface

Factor

CD
ZN

Predicted value at stationary point

(based on code

Critical

Coded

-5.11001
2.88993

Variable M72

64.098361
18.160802
0.6539
28.3327

R-Square

0.6363
0.0072
0.0105
0.6539

Mean Square

365.184868
318.560606
329.814738

T for HO:

Parameter=0 Prob > |T|

2.074
-0.227
2.392
0.855
1.873
0.355

Mean Square

5228.899129
16229

d data)

Value

Uncoded

OO0OO0O0O00

F-Ratio

106.6
1.207
3.507
43.838

F-Ratio
1.146

-0403
.8211
.0184
.3944
-0636
.7233

F-Ratio

15.854
49.206

7 -51.375218
2 97.248312

65.277389

103

Prob > F

0.0000
0.3028
0.0636
0.0000

Prob > F
0.3081

Parameter
Estimate
from Coded

Data

50.915761
15.348939
37.079275
4.150302
9.366065
1.865352

Prob > F

0.0000
0.0000



Regression

Linear
Quadratic
Crossproduct
Total Regress

Residual
Lack of Fit
Pure Error
Total Error
Degrees
of
Parameter Freedom
INTERCEPT 1
CcD 1
ZN 1
CD*CD 1
ZN*CD 1
ZN*ZN 1

Eigenvectors
Eigenvalues CcD ZN
7.828205 0.786451 0.617653
-1.812551 -0.617653 0.786451

Stationary point is a saddle point.
Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 12.500000 12.500000
ZN 25.000000 25.000000
Response Surface for Variable M96
Response Mean 66.557377
Root MSE 17.389445
R-Square 0.6455
Coef. of Variation 26.1270
Degrees
of Type | Sum
Freedom of Squares R-Square F-Ratio
2 62639 0.6330 103.6
2 744 .356929 0.0075 1.231
1 493.355787 0.0050 1.632
5 63877 0.6455 42.247
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
28 9360.898863 334.317817 1.144
88 25717 292.234848
116 35078 302.392806
Parameter Standard T for HO:
Estimate Error Parameter=0 Prob > |T|
17.071311 6.402160 2.666 0.0088
0.008398 0.783249 0.0107 0.9915
0.931867 0.384004 2.427 0.0168
0.029540 0.029755 0.993 0.3229
0.019575 0.015325 1.277 0.2040
0.004132 0.008052 0.513 0.6088

104

Prob > F
0.0000
0.2959

0.2040
0.0000

Prob > F
0.3105

Parameter
Estimate

from Coded

Data

53.
15.
34.
4.
6.
2.

788578
453370
579507
615588
117221
582801



Degrees
of Sum of
Factor Freedom Squares Mean Square F-Ratio
CD 3 13486 4495_.301068 14.866
ZN 3 42800 14267 47.179

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded
CD 12.831464 172.893299
ZN -21.889496 -522.237393

Predicted value at stationary point -225.530732

Eigenvectors
Eigenvalues CD ZN
6.822261 0.810972 0.585085
0.376129 -0.585085 0.810972

Stationary point is a minimum.

105

Prob > F

0.0000
0.0000
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Tae3s Response Surface Analysis

zn date S24 S48 S72 S96
0 250703 7 6 4 3
0 250703 9 6 4 3
0 250703 10 8 3 1
0 250703 8 8 6 6
0 250703 10 7 3 1
30 250703 10 8 3 2
30 250703 7 4 4 3
30 250703 10 4 1 0
30 250703 9 5 5 2
30 250703 7 5 0 0
35 250703 8 3 1 0
35 250703 8 3 2 1
35 250703 7 5 3 2
35 250703 9 6 2 1
35 250703 35 2 1 0
40 250703 10 4 3 0
40 250703 9 6 4 2
40 250703 6 3 2 ik
40 250703 5 1 1 0
40 250703 4 1 0 0
45 250703 5 1 0 0
45 250703 7 1 1 0
45 250703 5 3 2 1h
45 250703 4 2 1 1
45 250703 4 2 2 1
0 310703 10 7 6 6
0 310703 8 8 6 6
0 310703 10 8 7 6
0 310703 10 10 10 5
0 310703 9 6 ) )
30 310703 10 7 5 3
30 310703 ) 7 4 4
30 310703 8 5 5 5
30 310703 6 4 2 1
30 310703 7 5 4 2
35 310703 6 5 4 4
35 310703 10 8 5 5
35 310703 9 5 . 2
35 310703 7 v S 5
35 310703 7 3 1 0
40 310703 10 7 5 3
40 310703 5 5 2 1
40 310703 5 S 2 1
40 310703 4 4 4 3
40 310703 6 4 3 3
45 310703 © 7 4 1
45 310703 8 5 4 1
45 310703 6 3 i 0
45 310703 2 0 0 0
45 310703 1 0 0 0
0 60803 9 7 5 5
0 60803 9 8 6 3
0 60803 7 6 5 4
0 60803 10 6 4 2
0 60803 10 9 6 5



30 60803
30 60803
30 60803
30 60803
30 60803
35 60803
35 60803
35 60803
35 60803
35 60803
40 60803
40 60803
40 60803
40 60803
40 60803
45 60803
45 60803
45 60803
45 60803
45 60803
Regression
Linear
Quadratic
Crossproduct

Total Regress

Residual

Lack of Fit
Pure Error
Total Error

2
OPDOUIOONOODUTUINDONOOOO

NOAWWOORUINOWWANUTWWN 00

PNONUINOWRUONWAROANRFRPOO®
OQOORNFOWRFRUNNWOAORANORUOA

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 10.000000 10.000000
ZN 22.500000 22.500000
Response Surface for Variable M24
Response Mean 25.466667
Root MSE 14.934879
R-Square 0.5316
Coef. of Variation 58.6448
Degrees
of Type I Sum
Freedom of Squares R-Square F-Ratio
2 12642 0.3847 28.339
2 2132.640805 0.0649 4.781
1 2693.400000 0.0820 12.075
by 17468 0.5316 15.663
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 1990.492528 104.762765 0.391
50 13400 268.000000
69 15390 223.050616
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Prob > F
0.0000
0.0114

0.0009
0.0000

Prob > F
0.9861



Parameter
INTERCEPT
CD

ZN

CD*CD
ZN*CD
ZN*ZN

Degrees

of Parameter Standard T for HO:

Freedom Estimate Error Parameter=0 Prob > |T]|

1 14.360666 6.816169 2.107 0.0388

1 -0.564190 0.976413 -0.578 0.5653

1 -1.161951 0.454197 -2.558 0.0127

1 0.003810 0.041224 0.0924 0.9266

1 0.053600 0.015425 3.475 0.0009

1 0.030396 0.009834 3.091 0.0029

Degrees
of Sum of

Factor Freedom Squares Mean Square F-Ratio
CD 3 7399.304762 2466.434921 11.058
ZN 3 12762 4254 .089792 19.072

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded

CcD 0.161210 11.612099

ZN -0.605541 8.875323

Predicted value at stationary point 5.928602
Eigenvectors

Eigenvalues CD ZN
17.510505 0.332050 0.943262
-1.741748 0.943262 -0.332050

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CcD 10.000000 10.000000
ZN 22.500000 22.500000

Response Surface for Variable M48

Response Mean 52.266667
Root MSE 16.444545
R-Square 0.5417

Coef. of Variation 31.4628
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Parameter

Estimate

from Coded
Data

10.403616
7.180000
16.691707
0.380952
12.060000
15.387805

Prob > F

0.0000
0.0000



Re
La

Pu
To

Parameter

INTERCEPT

Regression

Linear
Quadratic
Crossproduct
Total Regress

sidual

ck of Fit
re Error
tal Error

Degrees
of
Freedom

RRRPRRE

Factor

CD
ZN

Degrees
of Type 1 Sum
Freedom of Squares R-Square F-Ratio
2 19613 0.4817 36.263
2 902.409292 0.0222 1.669
1 1540.266667 0.0378 5.696
5 22055 0.5417 16.312
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 4392.524042 231.185476 0.810
50 14267 285.333333
69 18659 270.423054
Parameter Standard T for HO:
Estimate Error Parameter=0 Prob > |T]|
28.045343 7.505169 3.737 0.0004
0.151619 1.075112 0.141 0.8883
-0.291252 0.500108 -0.582 0.5622
-0.019048 0.045391 -0.420 0.6761
0.040533 0.016984 2.387 0.0198
0.019252 0.010829 1.778 0.0798
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
3 5238.552381 1746.184127 6.457
3 18357 6119.063415 22.628

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded
CD -0.432648 5.673523
ZN -0.929260 1.591657

Predicted value at stationary point 28.243663
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Prob > F

0.0000
0.1960
0.0198
0.0000

Prob > F
0.6849

Parameter

Estimate

from Coded
Data

39.969942
6.826667
22.059512
-1.904762
9.120000
9.746341

Prob > F

0.0006
0.0000



Re

La
Pu
To

Parameter
INTERCEPT
CD

ZN

CD*CD
ZN*CD
ZN*ZN

Regression

Linear
Quadratic
Crossproduct
Total Regress

sidual
ck of Fit
re Error
tal Error
Degrees
of
Freedom
1
1
1
1
1
1

Eigenvectors
Eigenvalues CcD ZN
11.318807 0.326000 0.945370
-3.477227 0.945370 -0.326000

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 10.000000 10.000000
ZN 22.500000 22.500000

Response Surface for Variable M72

Response Mean 68.533333
Root MSE 15.613046
R-Square 0.4700
Coef. of Variation 22.7817
Degrees
of Type 1 Sum
Freedom of Squares R-Square F-Ratio
2 13899 0.4379 28.508
2 227.862640 0.0072 0.467
1 792 .066667 0.0250 3.249
5 14919 0.4700 12.240
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 2953.270693 155.435300 0.560
50 13867 277.333333
69 16820 243.767208
Parameter Standard T for HO:

Estimate Error Parameter=0 Prob > |T]|
46.627487 7.125679 6.544 0.0000
-0.016762 1.020750 -0.0164 0.9869

0.054959 0.474821 0.116 0.9082

0.001905 0.043096 0.0442 0.9649

0.029067 0.016125 1.803 0.0758

0.009930 0.010281 0.966 0.3375
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Prob > F

0.0000
0.6286
0.0758
0.0000

Prob > F
0.9162

Parameter

Estimate

from Coded
Data

59.453759
6.753333
17.830244
0.190476
6.540000
5.026829



Degrees

of Sum of
Factor Freedom Squares Mean Square F-Ratio
CD 3 3785.209524 1261.736508 5.176
ZN 3 11926 3975.195483 16.307

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded
CD -1.250951 -2.509513
ZN -0.959752 0.905572
Predicted value at stationary point 46.673404
Eigenvectors
Eigenvalues Ccbh ZN
6.675651 0.450230 0.892912
-1.458346 0.892912 -0.450230

Stationary point is a saddle point.

Coding Coefficients for the Independent Variables

Factor Subtracted off Divided by
CD 10.000000 10.000000
ZN 22.500000 22.500000

Response Surface for Variable M96

Response Mean 78.266667
Root MSE 15.046462
R-Square 0.4230
Coef. of Variation 19.2246
Degrees
of Type I Sum
Regression Freedom of Squares R-Square F-Ratio
Linear 2 10748 0.3970 23.737
Quadratic 2 683.875648 0.0253 1.510
Crossproduct 1 21.600000 0.0008 0.0954
Total Regress 5 11453 0.4230 10.118
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Prob > F

0.0028
0.0000

Prob > F

0.0000
0.2280
0.7583
0.0000



Residual

Lack of Fit
Pure Error
Total Error

Degrees
of
Parameter Freedom
INTERCEPT 1
CD 1
ZN 1
CD*CD 1
ZN*CD 1
ZN*ZN 1
Factor
CD
ZN

Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
19 2621.324352 137.964440 0.531
50 13000 260.000000
69 15621 226.396005
Parameter Standard T for HO:
Estimate Error Parameter=0 Prob > |T|
53.988788 6.867094 7.862 0.0000
0.524571 0.983708 0.533 0.5956
-0.082992 0.457590 -0.181 0.8566
0.001905 0.041532 0.0459 0.9636
0.004800 0.015540 0.309 0.7583
0.017214 0.009908 1.737 0.0868
Degrees
of Sum of
Freedom Squares Mean Square F-Ratio
3 1894 .742857 631.580952 2.790
3 9580.199458 3193.399819 14.105

Canonical Analysis of Response Surface
(based on coded data)

Critical Value

Factor Coded Uncoded

CD -18.072936 -170.729361

ZN 0.165057 26.213779

Predicted value at stationary point 8.121151
Eigenvectors

Eigenvalues CD ZN
8.748707 0.062972 0.998015
0.156404 0.998015 -0.062972

Stationary point is a minimum.
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Prob > F
0.9343

Parameter

Estimate

from Coded
Data

67.352296
6.706667
16.641951
0.190476
1.080000
8.714634

Prob > F

0.0469
0.0000
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