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*ALDRIN-DIE LORIN 

CRITERIA: 

Aquatic Life 

Dieldrin 

For dieldrin the criterion to protect fresh~ater aquatic life 

as derived using the Guidelines is 0.0019 ug/L as a 24-hcur 

average, and the concentration should not exceed 2.5 ug/L at any 

time. 

For dieldrin the criterion to protect saltwater aquatic life 

as derived using ~he Guidelines is 0.0019 ug/L as a 24-hour 

average; and the concentraticn should not exceed 0.71 ug/L at any 

tirr.e. 

Aldrin 

For freshwater aquatic life the concentration of aldrin 

should not exceed 3.0 ug/L at any time. No data are availa=le 

concerning the chronic toxicity of ald~in to sensitive 

freshwater aquatic life. 

For salt~ater aquatic life the concentration of aldrin should 

not exceed 1.3 ug/L at any time. No data are available 

concer~!ng the chronic toxicity of aldrin to sensitive salt~a~e~ 

aquatic 1 if e. 

Hu=dn Health 

For the maximum protection cf human health from the potential 

carcinogenic effects of exposu~e to aldrin through ingestion of 

contaminated water and conta:-:-. .:.r.ated aquatic organisms, the 

*Indicates suspended, canceled or restricted by U.S. EPA Office 

of Pesticides and Toxic Substances 



a~bie~t water concentration should be zero, based on the 

nontr.reshold assu~ption for this che~ical. However, zero 

level may not be attainable at the present ti?!',e. '.Therefore, 

the levels which rnay result in incrernental increase.of cancer 

risk over the lifetime are estimated at 10- 5 , 10-6 and 10-7 

The corresponding recommended criteria are 0.74 ng/L, 0.074 ng/L, 

and 0.0074 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consu~ption 

of water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079 

ng/L~ respectively. 

F~r the maximum prot~ction of human health from the potential 

carcinogenic effects of exposure to dieldrin through ingestion of 

contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the 

nonthreshold assumption for this chemical. However, zero level 

may not be attainable at the present time. Therefore, the levels 

which may result in incremental increase of cancer risk over the 

l ifetirne are estimated at io- 5 , io- 6 and io-7. The 

corresponding recommended criteria are 0.71 ng/L, 0.071 ng/L, and 

0.0071 ng/L, respectively. If these above estimates are ~ade fer 

consurnption of aquatic organisms only, excluding consu~ption of 

water, ~h~ levels are 0.76 ng/L, 0.076 ng/L, and 0.0076 ng/L, 

respectively. 

(45 F.R. 79318, Novenber 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



AMMONIA 

SUM?-'...ARY: 

All concentrations used herein are expressed as un-ionized 

an..~onia (NH 3), because NH 3, not the amlTlonium ion (NH4+) has been 

demonstrated to be the principal toxic form of ammonia. The 

data used in deriving criteria are predominantly from flow 

through tests in which ammonia concentrations were measured. 

Amltlonia was reported to be acutely toxic to freshwater organisr.s 

at concentrations (uncorrected fo~ pH) ranging from 0.53 to 22.s 

mg/L NH 3 for 19 invertebrate species representing 14 families and 

16 genera and from 0.083 to 4.60 mg/L NH 3 for 29 fish species 

from 9 families and 18 genera. Among fish species, reported 96-

hour LC50 ranged from 0.083 to 1.09 mg/L for salmonids and from 

0.14 to 4.60 mg/L NH 3 for nonsalmonids. Reported data fror. 

chronic tests on ammonia with two freshwater invertebrate 

species, both daphnids, showed effects at concentrations 

(uncorrected for pH) ranging from 0.304 to l.2 mg/L NH 3, and 

with nine freshwater fish species, from five fa~ilies and seve~ 

genera, ranging from 0.0017 to 0.612 mg/L NH3. 

Concentrations of ammonia acutely toxic to fishes may cause 

loss of equilibrium, hyperexcitability, increased breathing, 

cardiac output and oxygen uptake, and, in extreme cases, 

con vu 1 sions, coma, and death. At 1 ewer concentrations amr.ioni a 

has many effects on f ishei, including a reduction in hatchin; 

success, reduction in growth rate and morphological development, 

and pathologic changes in tissues of gills, livers, and kidneys. 



several factors have been sho~n to ~edify acute NH 3 toxicity 

in fresh water. some factors alter the concentration of un

ionized ammonia in the water by affecting the aqueous arr~onia 

equilibrium, and so~e factors affect the toxicity of un-ionized 

ammonia itself, either ameliorating or exacerbating the effects 

of ammonia. Factors that have been shown to affect ammonia 

toxicity include dissolved oxygen concentration, temperature, 

pH, previous acclimation to ammonia, fluctuating or intermittent 

exposures, carbon dioxide concentration, salinity, and the 

presence of other toxicants. 

The most well-studied of these is pH; the acute toxicity of 

NH3 has been shown to increase as pH decreases. Sufficient data 

exist from toxicity ~ests conducted at different pH values to 

formulate a mathematical expression to describe pH-dependent 

acute NH3 toxicity. The very limited amount of data.regarding 

effects of pH on chronic NH3 toxicity also indicates increasing 

NH 3 ~oxicity with decreasing pH, but the data are insufficient· 

to derive a broadly applicable toxicity/pH relationship. Data on 

temperature effects on acute NH 3 toxicity are limited and 

so~ewhat variable, but indications are that NH3 toxicity to fis~ 

is greater as temperature decreases. There is no information 

available regarding temperature effects on chronic NH3 toxicity. 

Examination of pH and temperature-corrected acute NH 3 

toxicity values among species and genera of freshwater organis~s 

showed that invertebrates are generally more tolerant than 

fishes, a notable exception being the fingernail clam. There is 

no clear trend among groups of fish: the several most sensitive 



tested species and genera include representatives fron diverse 

far::i lies (Salmon idae, Cyprinidae, Percidae, and Centrarchidae). 

Available chronic toxicity data for freshwater organisms also 

indicate invertebrates ( c 1 adocerans, one insect species) to be 

more tolerant than fishes, again with the exception of the 

fingernail clam. When corrected for the presumed effects of 

temperature and pH, there is also no clear trend among groups of 

fish for chronic toxicity values, the most sensitive species 

including representatives from five families (Salmonidae, 

cyprinidae, Ictaluridae, Centrarchidae, and Catostomidae) and 

having chronic values ranging by not much more than a factor or 

two. The range of acute-chronic ratios for 10 species fron 6 

families was 3 to 43, and acute-chronic ratios were higher for 

the species having chronic tolerance below the median. 

Available data indicate that differences in sensitivities between 

warm and col dwater fa:rni 1 ies of· aquatic organisms are inadequate 

to warrant discrimination in the national ammonia criterion 

between bodies of water with "warm" and "ccldwater" fishes: 

rather, e:ffects of organism sensitivities on the criterion are 

most appropriately handled by site-specific criteria derivation 

procedures. 

Data for concentrations of NH 3 toxic to freshwater 

phytoplankton and vascular plants, although limited, indicate 

that freshwater plant species are appreciably more tolerant to 

NH 3 than are invertebrates or fishes. The ammonia criterion 

appropriate for the protection of aquatic animals will therefore 

in all likelihood be sufficiently protective of plant life. 



.Avai 1 able acute ar.d chrcni c data for a:r..::ionia with sa 1 t·,,a ter 

organisms are very lil':'lited, and insufficient to derive a 

saltwater criterion. A few saltwater invertebrate sp~cies have 

been tested, and the prawn M~crobrachium rosenbergl! was the 

most sensitive. The few saltwater fishes tested suggest greater 

sensitivity than freshwater fishes. Acute toxicity of NH 3 

appears to be greater at low pH values, similar to findings in 

freshwater. Data for saltwater plant species are limited to 

diatoms, which appear to be more sensitive than the saltwater 

invertebrates for which data are available. 

More quantitative information needs to be published on the 

toxicity of aminonia to aquatic life. Several key research needs 

must be addressed to provide a more complete assessment of 

ammonia toxicity. These are: (1) acute tests with additional 

saltwater fish species and saltwater invertebrate sp.ecies; (2) 

life-cycle and early life-stage tests with representative 

freshwater and saltwater organisms from different families, with. 

particular attention to trends of acute-chronic ratios; (3) 

fluctuating and intermittent exposure tests with a variety of 

species and exposure patterns; (4) more complete tests of the 

individual and combined effects of pH and temperature, especially 

for chronic toxicity: (5) more histopathological and 

histochemical research with fishes, which would provide a rapid 

means of identifying and quantifying sublethal ammonia effects; 

and (6) studies on effects of dissolved and suspended sol ids on 

acute and chronic toxicity. 



NATIONAL CRITERIA: 

The procedures described in the Guidelines for Deriving 

N~~erical National Water Quality Criteria for the Protection of 

Aquatic Organisms and Their Uses indicate that, except possibly 

where a locally important species is very sensitive, freshwater 

aquatic organisms and their uses should not be affected 

unacceptably if: 

(1) the 1-hour* average concentration of un-ionized anunonia 

(in mg/L NH3 ) does not exceed, more often than once every 3 years 

on the average, the nuherical value given by 0.52/FT/FPH/2, 

v.·here: 

FT = 100.03(20-TCAP); TCAP < T < 30 

100.03(20-T); 0 < T < TCAP 

FPH = 1 

1+107.4-pH 
1. 25 

; 8 < pH < 9 

; 6.S~pH < 7.7 

TCAP = 20 C; Salrnonids or other sensitive 
coldwater species present 

= 25 C; Salmonids and other sensitive 
coldwater species absent 

(*An averaging period of 1 hour may not be appropriate if 

excursions of concentrations to greater than l.5 times the 

average occur during the hour: in such cases, a shorter averaging 

period may be needed.) 

(2) the 4-day average concentration of un-ionized aremonia 

(in mg/L NHj) does not exceed, more often than once every 3 years 

on the average, the average* numerical value given by 

0.80/FT/FPH/RATIO, where FT and FPH are as above and: 



P..A :':I 0 = 1 6 7.7 < pH <9 

= 24 107.7-pH 
l+l07.4pH ;6.5< pH < 7.7 - - . 

TCAP = 15 C; Sa lmonids or other sensitive 
coldwater species present 

= 20 C; Salmonids and other sensitive 
coldwater species absent 

(*Because these formulas are nonlinear in pH and temperature, the 

criterion should be the average of separate evaluations of the 

formulas reflective of the fluctuations of flow, pH, and 

temperature within the averaging period; it is not appropriate in 

general to simply apply the formula to average pH, te~perature, 

and fl ow.) 

The extremes for temperature (0, 30) and pH (6.5, 9) given in 

the above formulas are absolute. It is not permissible with 

current data to conduct any extrapolations beyond these li~its. 

In particular, there is reason to believe that appropriate 

criteria at pH> 9 will be lower than the plateau between pH a· 

and 9 given above. 

Criteria concentrations for the pH range 6.5 to 9.0 and the 

temperature range O c to 30 C are provided in the follo~ing 

tables.· "Total ammonia concentrations equivalent to each un-

ionized ammonia concentration are also provided in these tables. 

There are limited data on the effect of temperature on chronic 

toxicity •. EPA will be conducting additional research on the 

effects of temperature on ammonia toxicity in order to fill 

perceived data gaps. Because of this uncert~inty, additional 

site-specific information should be developed before these 



criteria are used in wasteload allocation modeling. For exa~~le, 

the chronic criteria tabulated for sites lacking salrnonids are 

less certain at temperatures much below 20 C than those tabulated 

at temperatures near 20 c. Where the treatment levels needed to 

meet these criteria below 20 C may be substantial, use of site

specific criteria is strongly suggested. Development of such 

criteria should be based upon site-specific toxicity tests. 

Data available for saltwater species are insufficient to 

derive a criterion for saltwater. 

The recor.mended exceeder.ca frequency of 3 years is the 

Agency's best scientific judgment of the average amount of tir.ie 

it will take an unstressed system to recover from a pollution 

event in which exposure to ammonia exceeds the criterion. A 

stressed system, for exarnple, one in which several outfalls occur 

in a limited area, would be expected to require more time for 

recovery. The resilience of ecosystems and their ability to 

recover differ greatly, however, and site-specific criteria ~ay. 

be establi~hed if adequate justification is provided. 

The use of criteria in designing waste treatment facilities 

requires the selection of an appropriate wasteload allocaticr. 

model. pynamic models are preferred for the application of these 

criteria. Limited data or other factors may make their use 

impractical, in which case one should rely on a steady-state 

rnodel. The Agency recommends the interim use of lQS or lQlO for 

Criterion Maximum Concentration design flow and 7Q5 or 7Ql0 for 

the Criterion Continuous Concentration design flow in steady

state models for unstressed and stressed systems respectively. 



C2 l 4•day ev..-a;e concentrations for .....onle.• 

pM 0 c 5 c 10 c 15 c 20 c .,, c )() c 

"· Sell!IOtllds or Otl'ler S...,sltlYe Coldwater Soeeles Present 

Un-Ionized A.,.onle (M~llt.,. NM3l 

6.50 0.0001 0 .0009 0.oo13 0.0019 o.oo 19 0.0019 0.0019 
6. 75 0.0012 o.oo 17 0.0023 0.0033 0.0033 0.0033 o.oon 
7.00 0.0021 0.0029 0.0042 0.0059 0 .0059 0.00'9 0.0059 
7.25 0.0037 0.0052 0.007' 0,0105 0.0105 0.0105 0.0105 
7.50 0.0066 0.0093 0.0132 o.01t16 0.01!6 0.0186 0.0186 

'·" 0.0109 0.0153 0.022 0.031 0.031 0.031 0.031 
1.00 0.0126 0.o177 0.025 0.035 0.03' 0.03' 0.035 
8.25 0.0126 0.0177 0.025 0.035 0.03' 0.035 0.035 
1.50 0.0126 0.0177 O.J25 o.o.35 0.0.35 0.03' 0.035 
11.75 0.0126 0.0177 0.025 0.03' 0.03' 0.035 0.035 
9.00 0.0126 0.0177 0.025 0.035 0.035 0.03' 0.0'5 

Tota I A""'O·" .. (111~ 11 tel" N~) 

6 .50 2.5 2.4 2.2 2.2 1.'9 1.04 o.n 
6.75 i.; 2.4 2.2 2.2 l.'9 1.04 0.73 
7.00 2.5 2,4 2.2 2 .2 l .'9 1.04 

0 ·'' 7.25 2.5 2.• 2.2 2.2 l.5J 1,04 0.7' 
'·'o 2.5 2.• 2 .2 2 .2 1.50 1.05 0.1, 

7 ·" 
2.3 2.2 2.1 2.0 1.40 0.99 0.71 

a.oo 1.53 l.•4 1.37 1.33 0.93 0,66 o.u 
a.25 O.tl7 o.e2 o. 78 0.76 0,54 0.39 0.2'tl 
ti .50 0.49 0,47 0.45 o.u 0.3% 0.23 0.11 
8. 75 0.28 0.27 0.26 0.27 0.19 .. o." 0.11 
9 .oo o. 16 o. 16 0.16 0.16 0.13 0.10 0.08 

--------- ----- ---. - ------- . -.- ---
II. Sellll0"1ds ·and Otl'ler S•"s1t1YI Ccldwater Seecl11 AbHn1t 

Un-Ionized A-0"1• !1119/llt.- •0~3 1 

6.50 0,0007 0.0009 0.0013 0.0019 0.0026 0.0026 0.0026 
6. 75 0.0012 0,0017 0.0023 0.00.33 0.0047 0.00•1 0.00•7 
7 .oo 0.0021 0.0029 0 .0042 0.0059 0.0083 0.00tl3 0.0083 
7.25 0,0037 0.0052 0.0074 0.0105 o.oua o.oua o.oua 
7 .50 0.0066 0,0093 o.o 132 0.0186 0.026 0.026 0.026 
7.75 0,0109 0.0153 0.022 0.031 0.043 o.o.J 0.043 
a.oo 0.0126 o.o 177 0.025 0.035 0.050 0.050 0.050 
1.25 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
1.50 0.0126 0.0177 0.025 0,03' 0.050 0,050 o.o5o 
1. H 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050 
9.00 0.0126 o.o 177 0,025 0.035 o.o~ 0.050 o.o~ 

Total A-onla (•g/I I ter NHl) 

6.50 2.5 2.• 2.2 2.2 2.1 1.'6 1.03 
6,75 2.5 2.4 2.2 2.2 2.1 1.n '·°' 1.00 2.5 2.4 2 .2 2.2 2.1 1.n 1.04 
7.25 2.5 2.• 2 .2 2.2 2. I 1.48 1.os 
7,50 2.5 2.4 2.2 2.2 2 .1 

1 ·" 
1.06 

'· 75 
2.3 2.2 2. I 2.0 1.98 t.l9 1.00 

1.00 1,S3 I·•' I .37 1.33 1.J 1 o.u 0.67 
1.2s 0.11 o.n o. 78 0.76 0.76 o.,, o.•o a.so o.•9 o.o 0 .•5 o.u 0.'5 o.n 0.25 

'·" o.2a 0.21 0.26 0.27 0.27 0.21 0.16 t.oo 0.16 o. 16 0.16 0.16 0.11 0.1• 0.11 

e To con•er't tft••• •111111 to ~llter N, •ultlply tly 0.122. 

1 Slt.-speclflc crlf.-11 4'1Yelo0111e"t It 1t,.O";ty 1vogestec1 1t t .. pel"tf'vl'" •bow• 20 C 
~1u1• of tl'le ll~lted d1t• 1val lebl• to 9•~•r•'• tl\e Cl'l,erl1 rec0191e"4atlOfl, el'ld 
at .,....Clll"8'11"•• be low 20 c 119CllllH of tl'le 11 •I,., date •NI bee:m11M .. I I Clleft;H '" 
the crtterl1 Hyl'l1v• sl;rllflca"t l•p1et Ofl '"e ,..,el of tr•"9Wltr~11lr• 111 
••tl1t9 tPle r~rusec criteria. 



( 1 l 011~1'10\,j,. 1¥ vag 1 CCf'lc•,, ,,., t 1 o,,s fo,. aiiilft011I1. • 

Ol'I 0 c 5 c 10 c I' c 20 c 25 c le ,. .. 

A, SatllOlldt or o~.,. S1111ltlvt Cold••'~ Seecres ,,.,,,,,, 

~-I 011 I Zed AlllllCll I 1 ( l9q/ I I tel" ~0-43) 

6.50 0.0091 0 .0129 o.01a2 0 .026 0.036 o.o~ 0,036 
6.7' 0.0149 0.021 0.030 o.o• 2 0,0,9 0,059 0,059 
7,00 0.023 0.033 0.046 0.066 0,093 0,093 0,093 
7.25 0,034 0,048 0,068 0.09' 0.13, 0, 135 o. 135 
1 .,o o.o., 0,06& 0.091 o.12a 0,181 0, 181 0, I 8 I 
'7."'i1' 0,056 0,080 0.113 0,1'9 0.22 0.22 0.22 
1.00 0,065 0.092 (),1!0 0, 16' 0,26 0,26 0..26 , , 
• ..2' 0,06 5 0,092 0,130 o.1a• 0,26 0.26 0,25 

'·"' 0,06' 0,092 o. no 0.114 0.26 0.26 0 .26 .. ,, 0.06, 0,092 0, 130 o.1u 0,26 0.26 0,26 
t.oo 0,06, 0,092 O. llO 0.11' 0.26 0.26 0..26 

Total AIMIOllll ( 111~ I I .,.,. NM)) 

e.,o 35 33 31 30 ~ 20 ".3 6,7, 32 )0 29 27 27 18 .6 13.2 
7 .oo 29 26 25 2• 23 16,4 11,6 
7 ,25 23 22 20 19. 7 19,2 I!.• 9,5 
7 ·'° 17 •• 16 .J 15,5 "·' ,, ,6 10 .2 7,J 
7. 75 12.2 II•' 10,9 10,5 10,3 7.2 5,2 
•• oo a .o 7,, 7, I 6 ,9 6,8 •.a '·' 1.25 •.5 •.2 '•I •.o 3,9 2.a 2. 1 

'·'° 2.6 2.• 2 .J 2 .3 2.J 1. 71 I ,28 
5,75 

'·' 7 
1,•0 1,37 I ,.!I I ,•2 1,07 0.!3 

9,00 0.&6 0,13 0,93 0 .86 0.91 o.n o.,a 

--- --- - . ---- -. ---. ------ -- ------- ----. . ----
a. s11"'Cf"lds 111d o•~r- Sl"lsltlv• Cold••'•'" Seectes Aes111t 

U,,_ I o 11 I Zed AllllW)t'I ( I ( 111~ 11 .,.,. NM!) 

6.50 0,0091 0,0129 0,0192 0,026 0,036 0,0,1 0,051 
6. 75 O,Ol•i o.c2 1 0.030 o.o• 2 0,059 o.oe• 0,06• 
7,00 0,023 0,033 0.0•6 0.066 0,093 0. 131 o. n 1 
7 ,25 0.03• o.o•9 o.~e 0,095 0, 135 0.190 0. 190 
'·~ 0,045 0 ,064 0,091 0 ,128 0, 191 0 .26 0,26 
7. '' o.o~e. 0,080 0. l 1 .3 0, 159 0.22 0,32 0.3Z 
a.co 0,065 0 ,092 0., 30 0, 19' 0,26 0 .37 0 • .3 7 
8.25 0,06, 0,092 0, 130 o.1u 0,26 0.37 0.37 
a ,,o 0,065 0,092 o. 1 ~o 0, 18• 0,26 0,.37 0 • .37 
8,75 0,065 0.092 o. 1 30 0, 18• 0,26 0.37 0,.37 
9,00 0,065 0,092 0, 1 }O 0.11• 0,26 0.37 0,37 

Total '~"'' C"'g/ I I .,er M~) 

6,50 " 33 31 30 29 29 20 
6,7, 32 !O 2! 27 27 26 18 ,6 
7.00 21 26 2' 2• 23 23 16.• 
1.2, 2.3 22 20 19. 7 19,2 19 .o 13. 5 
,,,0 " .. 16 .3 15,, 1, ,9 1•.6 U,5 10.3 

7 ·" 
12.2 11., 10,9 10 ·' 10.J 10.2 7,3 

a.oo a .o 
7 ·' 

7, I 6 ,9 6,a 6 .a •.9 
a .25 '·' •.2 •.1 •.o "·' •.o 2,9 
a.so 2.6 2 ·' 

2 .3 2.3 2.3 2.4 1,B I 
8." 1.n I ,•O 1,37 1 • .!I , ,, 2 1,52 I. 19 
9 .oo 0,86 0.53 0.83 0,&6 0,91 1.01 0,92 

• To COt\Vlr't '""' val1.111to111;/lltlf" N, lll1.1itl=1., tpoy o.a22. 



The Agency ackno· .. ;ledges that the Criterion C::~tin'..:o·..:s 

Concentration strea~ flow averaging period used for steady-sta~e 

wasteload allocation modeling may be as long as 30 days in 

situations involving POTWs designed to remove ammonia where 

linited variability of effluent pollutant concentration and 

resultant concentrations in receiving waters can be demonstrated. 

In cases where low variability can be demonstrated, longer 

averaging periods for the ammonia Criterion Continuous 

Concentration (e.g., 30-day averaging periods) would be 

acceptable because the magnitude and duration of exceedences 

above the Crite:-ion Cor.tir.uous Concentration wou~d be 

sufficiently limited. These matters are discussed in ~or~ detail 

in the Technical Support Document for Water Quality-Based Toxics 

Control (U.S. EPA, 198Sa). 

(50 F.R. 3078~, July 29, 1985) 
SEE APPENDIX A FOR METHODOLOGY 



BERYLLIUM 

CRITERIA: 

Aquatic Life 

The available data for beryllium indicate that acute and 

chronic toxicity to freshwater aquatic life occur at 

concentrations as low as 130 and 5.3 ug/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. Hardness has a substantial effect 

on acute toxicity. 

The limited saltwater data base available for beryllium does 

not pen:-.it any statement concerning acute or chronic toxicity. 

Human Health 

For the maxi~um protection of human health from the potential 

carcinogenic effects of exposure to beryllium through ingesticn 

of conta~inated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the nc~ 

threshold assumption for this chemical. However, zero level ~a; 

not be attainable at the present time. Therefore, the levels 

which may· result in incremental· increase of cancer risk over t~e 

lifetime are estimated at 10- 5 , io- 6 , and 10-7 . ~~e 

corresponding recommended c~iteria are 68 ng/L, 6.8 ng/L, ar.= 

0.68 ng/L, respectively. If these estimates are made fo:::-



cor.sur-;t:o:-. of a::r..Jatic org::.:-iis::-.s only, excluding cons'.l::-.p<:.10:-. cf 

water, the levels are 1170 ng/L, 117.0 ng/L, and 11.71 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



BORON 

CRITERION: 

750 ug/L for long-term irrigation on sensitive crops. 

INTRODUCTION: 

Boron is not found in its elemental form in nature: it is 

usually found as a sodium or calcium borate salt. Boron salts 

are used in fire retardants, the production of glass, leather 

tanning and finishing industries, cosmetics, photographic 

r.aterials, rr.etallurgy a:.d for high energy rocket fuels. 

Ele~ental boron also can be used in nuclear reactors for neutron 

absorption. Borates are used as "burnable" poisons. 

RATIONALE: 

Boron is an essential element for growth of plants but there 

is no evidence that it is required by animals. The maximum 

concentration found in 1,546 samples of river and lake waters 

from various parts of the United States was 5.0 mg/L: the r.:ean. 

value v.·as 0.1 r.:g/L (Kopp and Kroner, 1967). Ground waters could 

contain substantially higher concentrations at certain places. 

The concentration in seawater is reported as 4.5 mg/L in the forrn 

of boraie-(NAS, 1974). Naturally occurring concentrations of 

boron should have no effects on aquatic life. 

The minirnu~ lethal dose for minnows exposed to boric acid at 

20 °c for 6 hours was reported to be 18,000 to 19,000 mg/L in 

distilled water and 19,000 to 19,500 mg/L in hard water (Le Clerc 

and Devlaninck, 1955: Le Clerc, 1960). 

In the dairy cow, 16 to 20 g/day of boric acid for 40 days 



prod~ced r.o ill effects (McKee and ~olf, 1963). 

Sensitive crops have shown toxic effects at 1000 ug/L or 

less of boron (Richards, 1954). Bradford (1966), in a review of 

boron deficiencies and toxicities, stated that when the boron 

concentration in irrigation waters was greater than 0.75 ug/L, 

some sensitive pl ants such as citrus began to show injury. 

Biggar and Fireman (1960) showed that with neutral and alkaline 

soils of high absorption capacities, water containing 2 ug/L 

boron might be used for some time without injury to sensitive 

plants. The criterion of 750 ug/L is thought to protect 

sensitive crops during long-term irrigation. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



CHLORINATED BENZENES 

CRITERIA 

Aquatic Life 

The available data for chlorinated benzenes indicate that 

acute toxicity to fresh water aquatic life at concentrations as 

low as 250 ug/L and would occur at lower concentrations among 

species that are more sensitive than those tested. No data are 

available concerning the chronic toxicity of the more toxic of 

the chlorinated benzenes to sensitive freshwater aquatic life but 

toxicity occurs at concentrations as low as 50 ug/L for a fish 

species exposed for 7.5 days. 

The available data for chlorinated benzenes indicate that 

acute and chronic toxicity to saltwater aquatic life occur at 

concentrations as low as 160 and 129 ug/L, respectively, and 

would occur at lower concentrations among species that are reore 

sensitive than those tested. 

Hwnan Health 

For comparison purposes, two approaches were used to derive 

criterion levels for monochlorobenzene. Based on available 

toxicity data, for the protection of public health, the derived 

level is 488 ug/L. Using available organoleptic data, for 

controlling undesirable taste and odor quality of ambient water, 

the estimated level is 20 ug/L. It should be recognized that 

organoleptic data as a basis for establishing a water quality 

criteria have limitations and have no demonstrated relationship 

to potential adverse human health effects. 



Trichlorobenzenes 

Due to the ins'..!fficiency in the available inforr..ation for t!":e 

trichlcrobenzenes, a criterion cannot be derived at this ti~e 

using the present guidelines. 

1,2,4,S-Tetrachlorobenzene 

For the protection of human health from the toxic properties 

of 1,2,4,5-tetrachlorobenzene ingested through water and 

contaminated aquatic organisr:ls, the ambient water criterion is 

determined to be 38 ug/L. 

For the protection of hur:lan health from the toxic properties 

of 1, 2, 4, 5-tetrachl oroben zene ingested through contaminated 

aquatic organis~s alone, the ambient water criterion is 

determined to be 4S ug/L. 

Pentachlorobenzene 

For the protection of human health from the toxic properties 

of pentachlorobenzene ingested through water and contaminated 

aquatic organis~s, the ar.~ient water criterion is determined to 

be 74 ug/L. 

For the protection of human health from the toxic properties 

of pentachlorobenzene ingested through contaminated aquatic 

organisms alone, the anbient water criterion is deterrr.ined to be 

85 ug/L. 

Hexachlorobenzene 

For the maximum protection of human health from the potential 

carcinogenic effects due to exposure of hexachlorobenzene through 

ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentration should be zero based 

on the non-threshold assu~ption for this chemical. However, zero 



level r.:ay not be attainable at the present time. Therefor, the 

levels which r.:ay result in incramental increase of cancer risk 

over the lifeti~e are estimated at 10- 5 , l0- 6 , and ~o- 7 . The 

corresponding recor:u:iended criteria are 7 .2 ng/L, O. 72 ng/L, and 

0.072 ng/L, respectively. If the above estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 7.4 ng/L, 0.74 ng/L and 0.074. ng/L 

respectively. 

('5 F.R. 79318, Nove~ber 28, 1960} 
SEE APPE?~D!X B FOR .t-:ETHODOLOGY 



DICHLOROPROPAN'ES/DICHI.OROPROPENES 

CRITERIA: 

Aquatic Life 

The available data for dichloropropanes indicate that acute 

and chronic toxicity to freshwater aquatic life occurs at 

concentrations as low as 23,000 and 5,700 uq/L, respectively, and 

would occur at lower concentrations among species that are more 

sensitive than those tested. 

'l'he available dat:a for dichloropropene indicate that act..te 

and chronic to xi city to freshwater aqua tic 1 if e occurs at 

concentrations as low as 6,060 and 244 ug;~, respectively, and 

wo~ld occur at lower concentrations among species that are more 

sensitive than those tested. 

The available data for dichloropropane indicate that acute 

and chronic toxicity to saltwater aquatic life occur at 

concentrations as low as 10,300 and 3,040 ug/L, respectively, and 

would occur at lower concentrations among species that are more. 

sensitive than those tested. 

The available data for dichloropropene indicate that acute 

toxicity to saltwater aquatic life occurs at concentrations as 

low as 7~0 ug/L and would occur at lower concentrations a~ong 

species that are more sensit.:..ve than those tested. No data 

are available concerni~~ the chronic toxicity of 

dichloropropene to sensitive saltwater aquatic life. 



Hwnan Health 

Using the present guidelines, a satisfactory criterion cannot 

be derived at this time because of insufficient available data 

for dichloropropanes. 

For the protection of human health from the toxic properties 

of dichloropropenes ingested through water and contaminated 

aquatic organisms, the ambient water criterion is detennined to 

be 87 ug/L. 

For the protection of human health from the toxic properties 

of dichloropropenes ingested through conta~inated aquatir. 

organisms al.one, the ambient water criterion is determin~d to =e 

14.l mg/L. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



*ENDRIN 

CRITERIA: 

Aquatic Life 

For endrin the criterion to protect freshwater aquatic life 

as derived using the Guidelines is 0.0023 ug/L as a 24-hour 

average, and the concentration should not exceed 0.18 ug/L at any 

time. 

For endrin the criterion to protect saltwater aquatic life as 

derived using the Guidelines is 0.0023 ug/L as a 24-hour average, 

and the concentration should not exceed 0.037 ug/L at any tirne. 

Hwnan Health 

The arnbient water quality criterion for endrin is recom~ended 

to be identical to the existing water standard which is 1.0 ug/L. 

Analysis of the toxic effects data resulted in a calculated level 

which is protective of human health against the ingestion of 

co~taMinated water and contaminated aquatic organisms. The 

calculated value is comparable to the present standard. For. 

this reason a selective criterion based on exposure solely frc~ 

consu~ption of 6.5 g of aquatic organisms was not derived. 

*Indicates suspended, canceled or restricted by U.S. EPA Office: 
of Pesticides and Toxic Substances 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEPTACHLOR 

CRITERIA: 

Aquatic Life 

For heptachlor the .criterion to protect freshwater aquatic 

life as derived using the Guidelines is 0.0038 ug/L as a 24-hour 

average, and the concentration should not exceed o.52 ug/L at any 

time. 

For heptachlor the criterion to protect saltwater aquatic 

li!e as derived using the Guidelines is 0.0036 ug/L as a 24-hour 

average, and the concentration should not exceed 0.053 ug/L at 

any tir..e. 

Human Health 

For the maxirr.un protection of human health from the potential 

carcinogenic effects of exposure to heptachlor through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero, based on the non 

threshold assumption for this chemical. However, zero level . 

may not be attainable at the present time. Therefore, the levels 

which may result in incre~ental increase of cancer risk over the 

lifetime are estimated at 10- 5 , The 

corresponding recommended criteria are 2.78 ng/L, 0.28 ng/L, and 

0.028 ng/L, respectively. If these estimates are made for 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 2.85 ng/L, 0.29 ng/L, and 0.029 ng/L, 

respectively. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



HEXACHLOROCYCLOHEXANE 

CRITERIA: 

Aquatic Life 

Lindane 

For lindane the criterion to protect freshwater aquatic life 

as derived using the Guidelines is o.oso ug/L as a 24-hour 

average and the concentration should not exceed 2.0 ug/L at any 

tirne. 

For saltwater aquatic life the concentration of lindane 

should not exceed 0.16 ug/L at any time. No data are available 

concerning the chronic toxicity of lindane to sensitive saltwater 

aquatic life. 

BHC 

The available data for a mixture of isomers of BHC indicate 

that acute toxicity to freshwater aquatic life occurs at 

concentrations as low as 100 ug/L and would occur at lo~er 

concentrations a~ong species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of EHC to sensitive freshwater aquatic life. 

The available data for a mixture of isomers of EHC indicate 

that acu~e toxicity to saltwater aquatic life occurs at 

concentrations as low as 0.34 ug/L and would occur at lo~er 

concentrations among species that are more sensitive than those 

tested. No data are available concerning the chronic toxicity of 

a mixture of isomers of BHC to sensitive saltwater aquatic life. 



Hwoan Heal th 

For the ~axirnum protection of hurnan health from the potential 

carcinogenic effects of exposure to alpha

hexachlorocyclohexane through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentrations 

should be zero, based on the nonthreshold assumption for this 

chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at 10-5 , l0- 5 and 10-7. h T e corresponding 

recommended criteria are 92 ng/L, 9.2 ng/L, and .92 ·ng/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 310 ng/L, 31.0 ng/L, and 3.10 ng/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to beta-hexachlorocyclohexane 

through ingestion of contaminated water and contaminated aquatic 

organisms, the ambient water concentrations should be zero, based 

on the nonthreshold assumption for this chemical. However, zero 

level nay not be attainable at the present time. Therefore, th~ 

levels 'Which may result in incremental increase of cancer risk 

over the lifetime are estimated at io-5 , io-6 , and 10-7. 

The corresponding recommended criteria are 163 ng/L, 16.3 ng/L, 

and 1.63 ng/L, respectively. If these estimates are made for 

consumption. of aquatic organisms only, excluding consumption of 

water, the levels are 547 ng/L, 54.7 ng/L, and 5.47 ng/L, 

respectively. 



For the maximum protection of human health from the pote~tial 

carcinogenic effects due to exposure of gar.1a-

hexachlorocyclohexane through ingestion of contaminated water and 

contaminated aquatic organisms, the ambient water concentrations 

should be zero, based on the nonthreshold assumption for this 

chemical. However, zero level may not be attainable at the 

present time. Therefore, the levels which may result in 

incremental increase of cancer risk over the lifetime are 

estimated at io-6 
- I 

and 10-7 • The corresponding 

recol!'.r.ended criteria are 185 ng/L, 18.6 ng/L, and l.86 ng/L, 

respectively. If these estimates are made for consumption of 

aquatic organisms only, excluding consumption of water, the 

levels are 625 ng/L, 62.5-ng/L, and 6.25 ng/L, respectively. 

For the maximum protection of human health from the potential 

carcinogenic effects of exposure to te.chnical-

hexachlorocyclohexane through ingestion of contaminated water 

and contar.i.inated aquatic organisms, the ambient water 

concentrations should be zero, based on the nonthreshold 

assu~ption for this chemical. However, zero level may not be 

attainable at the present time. Therefore, the levels ~hich ~!Y 

result in incremental increase of cancer risk over the 

lifetime are estimated at io- 5 , io- 6 , and 10- 7 . The 

corresponding recommended criteria are 123 ng/L, 12.3 ng/L, and 

1.23 ng/L, respectively. If these estimates are made fer 

consumption of aquatic organisms only, excluding consumption of 

water, the levels are 414 ng/L, 41.4 ng/L, and 4.14 ng/L, 

respectively. 



using the present guidelines, satisfactory criteria cannot ce 

derived at this time for delta and epsilon hexachloro~yclohexa~e 

because of insuf~icient available data. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 



MI REX 

CRITERION: 

0.001 u~/L for freshwater and marine aquatic life. 

RATIONALE: 

Mirex is used to control the imported fire ant Solenopsis 

saevissima richteri in the southeastern United States. Its use 

is essentially limited to the control of this insect and it is 

always presented in bait. In the most common formulation, 

technical grade mirex is dissolved in soybean oil and sprayed on 

corncob grits. The bait produced in this manner consists of 0.3 

percent mirex, 14.7 percent soybean oil and 85 percent corncob 

grits. The mirex bait often is applied at a rate of 1.4 kg/ha, 

equivalent to 4.2 grams of toxicant per hectare. 

Relatively few studies have been made of the effects of mirex 

on freshwater invertebrates of these, only Ludke et al. (1971) 

report chemical analyses of mirex in the water. Their st~dy 

reported effects on two crayfish species exposed to mirex by 

three techniques. First, field-collected crayfish were exposed 

to several sublethal concentrations of technical grade mirex 

solutions for various periods of time; second, crayfish were 

exposed to mirex leached from bait (O.J percent active 

ingredient): and third, the crayfish were fed mirex bait. 

Procambarus blandingi juveniles were exposed to l or 5 ug/L 

for 5 to 144 hours, transferred to clean water and observed for 

10 days. After 5 days in clea~ water, 95 percent of the animals 

exposed to 1 ug/L for 144 hours were dead. Exposure to 5 ug/L 

for 6, 24, and 58 hours resulted in 26, 50, and 98 percent 

mortality 10 days after transfer to clean water. Crayfish, 



Proca;.!:a ru s t:ayi, were exposed to 0.1 and O. 5 ug/L for 4 B hcu:-s. 

Four days after transfer to clean water, 65 percent of the 

animals exposed to O.l ug/L were dead. At the 0.5 ug/L 

concentration, 71 percent of the animals were dead after 4 days 

in -clean water. Tissue residue accumulations (wet weight basis) 

ranged from 940- to 27, 210-fold above water concentrations. In -
l~ached bait experiments, 10 bait particles were placed in 2 

liters of water but isolated from 20 juvenile crayfish. Thirty 

percent of the crayfish were dead in 4 days and 95 percent were 

dead in 7 days. Water aralysis indicated mir~x concentr~tions ~f 

0.86 ug/L. In feeding experiments, 108 crayfish each ware fed one 

bait particle. Mortality was noticed on the first day after 

feeding, and by the sixth day 77 percent were dead. ln another 

experiment, all crayfish were dead 4 days after having been fed 2 

bait particles each. From this report it is obvious that mirex is 

extremely toxic to these species of crayfish. Mortality and 

accumulation increase with time of exposure to the insecticide. 

Concentrations as low as O.l ug/L or the ingestion of one 

particle resulted in death. 

Research to determine effects of mirex on fish has been 

concentrated on species ~hich have economic and sport fishery 

importance. Hyde et al. (1974) applied mirex bait (0.3 percer.': 

mirex) at the standard rate (1.4 kg/ha) in four ponds containir.~ 

channel catfish, Ictalurus punctatus. Three applications "'7ere 

made over an 8-month period with the first application 8 days 

after fingerling (ave'raqe weight 18.4 9) catfish were placed in 

the ponds. Fish were collected at each subsequent applicatic:-



(approxi~ately 4-month intervals). Two and one half months after 

the final application, the ponds were drained, all fish were 

measured and weighed, and the percent survival was calculated. 

Mirex residues in the fish at termination of the experiment 

ranged from 0.015 ug/g (ppm) in the fillet to 0.255 ug/g in the 

fat. 

In another study, Van Valin et al. (1968) exposed bluegills, 

Lepomis macrochirus, and the goldfish, Carassius auratus, to 

lllir~x by feeding a mirex-treated diet (l, 3, and 5 mg mirex per 

kg body weight) or by treating holding ponds with mirex bait 

(1.3, 100, and 1000 ug/L computed water concentration)~ They 

reported no mortality or tissue pathology for the bluegills; 

however, after 56 days of exposure, gil 1 breakdown in gold! ish 

was found in the 100 and 1000 ug/L contact exposure ponds, and 

kidney breakdown was occurring in the 1000 ug/L ponds. Mortality 

in the feeding experiments was not related to the level of 

exposure, although growth of the bluegills fed 5 ug/L mirex was 

reduced. 

In laboratory and field test systems, reported concentrations 

of mirex usually are between 0.5 and l.O ug/L (Van Valin et al. 

1968: Ludke et al. 1971). Although mirex seldom is found above l 

ug/L in the aquatic environment, several field studies have sho· .. ::-: 

that the insecticide is a~cumulated through the food cha5~. 

Borthwick et al. (1973) reported the accumulation of mirex :~ 

South Carolina estuaries. Their data revealed that mirex .. .-as 

transported from treated land and marsh to the estuary anirr.d:~ 

and that accurr.ulation, especially in predators, occurred. Ir. t-~ 

test area, water samples consistently were less than 0.01 u-



Residues in fish varied frorn non-detectable to 0.8 ug/g with 15 

percent of the sa~ples containing residues. The amount of mirex 

and the percent of samples containing mirex increased at higher 

trophic levels. Fifty-four percent of the raccoons sampled 

contained mirex residues up to 4.4 ug/g and 78 percent of the 

birds contained residues up to 17 ug/g. Nagvi and de la Cruz 

(1973) reported average residues for molluscs (0.15 ug/g), fish 

(0.2 6 ug/g), insects ( o. 2 9 ug/g), crustaceans ( 0.4 4 ug/g) and 

annelids (0.63 ug/g). They also reported that mirex was found 

in areas not treated with -:i:i:rax which suggests mcvern~nt cf t.hc. 

pesticide in the environment. Wolfe and Norment (1973) sa~pled 

an area for one year following an aerial application of mi~ex 

bait (2.1 g mirex/ha). Crayfish residues ranged from 0.04 to 

0.16 ug/g. Fish residues were about 2 to 20 times greater than 

the controls and averaged from 0.01 to 0.76 ug/g. Kaiser (1974), 

reported the presence of mirex in fish from the Bay of Quinte, 

Lake Ontario, Canada. Concentrations range from 0.02 ug/g in 

the gonads of the northern long nose gar, Lepistosteus osseus, to 

0.05 ug/g in the post-anal fin of the northern pike, Esox lucius. 

Mirex has never been registered for use in Canada. 

Mi·rex does not appear to. be greatly toxic to birds, with 

LCSO's for the young of four species ranging from 547 to greater 

than 1667 ug/g (Heath et al. 1972). Long-term dietary dosages 

caused no adverse ef feet at 3 uq/g with mallards and 13 uq/g with 

pheasants (Heath and Spann, 1973). However, it has been reported 

(Stickel et al. 1973) that the persistence of mirex in bird 

tissue exceeds that of all organochlorine compounds tested exce~~ 



for DDE. Delayed mortality occurred among birds subjected to 

doses above expected environmental concentration. 

A summary examination of the data available a~this ti~e 

sho~s a mosaic of effects. Crayfish and channel catfish survival 

.i~-affected by mirex in the water or by ingestion of the bait 

particles. - .Bioaccumulation is wel 1 established for a wide 

variety of organisms but the effect of this bioaccumulation on 

the aquatic ecosystem is unknown. There is evidence that mirex 

is very persistent in bird tissue. considerinq the extreme 

toxicity and potential fer bioacc~rnulation, every effort should 

be made to keep mirex bait particles out of water containing 

aquatic organisms and water concentrations should not exceed 

0.001 ug/L mirex. This value is based upon an application factor 

o.f. 0.01 applied to the lowest levels at which effects on crayfish 

have been observed. 

Data upon which to base a marine criterion involve several 

estuarine and marine crustaceans. A concentration of 0.1 ug/L 

technical grade mirLx in flowing seawater was lethal to juvenile 

pink shrimp, Penaeus durorarum, in a 3-week exposure (Lowe et al. 

1971). In static tests with larval stages (meqalopal) of the ~u~ 

crab, Rhithropanopeus harrisii, reduced survival was observed in 

~.l-ug/L mirex (Boekhout et al. 1972). In three of four 28-day 

seasonal flow-through experiments, Tagatz et al. (1975) found 

~duced survival of Callinectes sapidus, Penaeus durorarum, and 

qrass shrimp, Palaemonetes pugio, at levels of 0.12 ug/L in 

sununer, 0.06 ug/L in fall and 0.09 ug/L in winter. 

Since two reports, Lowe et al. (1971) and Boekhout et al. 

(1972), stated that effects of mirex on estuarine and marine 



crustaceans ~ere observed only after considerable tice ha~ 

elapsed, it seems reasonable that length of exposure is an 

irnportant consideration for this chemical. This may not be the 

case in fresh water since the crayfish were affected within 48 

hours. Therefore, a 3- to 4-week exposure might be considered 

"acute" and by applying an application factor of 0.01 to a 

reasonable average of toxic-effect levels as su?nlTlarized above, a 

recommended marine criterion of 0.001 uq/L results. 

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943 
SEE APPENDIX C FOR METHODOLOGY 



NICKEL 

CRITERIA: 

Aquatic Life 

For total recoverable nickel the criterion (in ug/L) to 

protect freshwater aquatic life as derived using the Guidelines 

is the numerical value given by e(0.76(ln(hardness)]+l.06) as a 

24-hour average, and the concentration (in ug/L) should not 

exceed the numerical value given by e(0.76(ln (hardness)]+4.02) 

at any time. For example, at hardnesses of 50, 100, and 200 mg/L 

as caco 3 the criteria are 56, 96, and 160 ug/L, respectively, as 

24-hour averages, and the concentrations should not exceed 1,100, 

1,800, and 3,100 ug/L, respectively, at any time. 

For total recoverable nickel the criterion to protect 

saltwater aquatic life as derived using the Guidelines is 7.1 

ug/L as a 24-hour average, and the concentration should not 

exceed 140 ug/L at any time. 

Human Health 

For the protection of hu~an health from the toxic properties 

of nickel ingested through water and contaminated aquatic 

organisms, the ambient water criterion is deter:r.iined to be 13.~ 

ug/L. 

For the protection of human health from the toxic properties 

of nickel ingested through contaminated aquatic organis~s 

a lone, the ambient water criterion is determined to 

ug/L. 

(45 F.R. 79318, November 28, 1980) 
SEE APPENDIX B FOR METHODOLOGY 

be loo. 



2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN 

CRITERIA: 

Agua tic Life 

Not enough data are available concerning the effects of 

2,3,7,8-TCDD on aquatic life and its uses to allow derivation of 

national criteria. The available information indicates that 

acute values for some freshwater animal species are >l.O ug/L; 

some chronic values are <0.01 ug/L: and the chronic value 

for rainbow trout is <0.001 ug/L. Because exposures of 

some species of fishes to 0.01 ug/L for <6 days resulted in 

substantial rnortality several weeks later, derivation of 

aquatic life criteria for 2,3,7,8-TCDD may require special 

consideration. Predicted bioconcentration factors (BCFs) for 

2,3,7,8-TCDD range from 3,000 to 900,000, but the available 

measured BCFs range from 390 to 13,000. If the BCF is 5,000, 

concentrations >0.00001 ug/L should result in concentrations 

in edible fresh~ater and saltwater fish and shellfish that 

exceed levels identified in a U.S. FDA health advisory. If the 

BCF is >5,000 or if uptake in a field situation is greater than 

that in laboratory tests, the value of 0.00001 ug/L will be too 

higho 

Hwnan Health 

For the rnaxirnurn protection of human health from the potential 

carcinogenic effects of 2, 3, 7, 8-TCDD exposure through ingestion 

of contaminated water and contaminated aquatic organisms, the 

ambient water concentration should be zero. This criterion is 



based on the nonthreshold assu~ption for 2,3,7,6-TCDD. However, 

zero may not be an attainable level at this time. 'liherefore, the 

levels that may result in an increase of cancer risk over the 

lifetime are estimated at io- 5 , 10- 6 , and io- 7 • The 

corresponding recommended criteria are 1.Jxl0- 7 , l.3xlo-S and 

l.3xlo- 9 ug/L, respectively. If the above estimates are made for 

consurr.ption of aquatic organisms only, excluding consumption c: 

w~ter, the levels are l.4xlo-7 , l.4xlo-8 and l.4xlo- 9 ug/'t, 

respectively. If these estimates are made for cornsumption cf 

water only, the levels are 2.2x10- 6 , 2.2x10-7 and 2.2x10-C ug/L, 

respectively. 

(49 F.R. 5831, February 15, 1984) 
SEE APPENDIX B FOR METHODOLOGY 



ALKALINITY 

R[f[RENCES CITED 

Nat3onal Academy. o! Sciencs. Na ao!W A.cldemy of En,il*:ri111. 197 '- Water qual.i ty 
criteri&.1V72. tJ.S. Govtn1mect Prictin( Office, Wuhinrton. D.C. 

Natio!W Technic&l Advilory Committee to tbe Secretary of the IntArior. 1il8B. Water 
qu&J.ity c:ri~ t.:.S. Governmect Pnntizli O!fa, Vt'u.hinrton, D.C. 

BARIUM 

REFERENCES CITED 
Bro.-nill(, F. 1961 ToDcity of induab'i.&I met&!&. Butterworth, LoDcfou.. 
hi&. M., et &l. 1970. Effeeta of pollution on fiah life. beaV7 met&la. A.D.nual littnture 

review, Jour. Water Poll. Cont. Fed. '2:987. 
~. N.A. ls.&l. lfanJbook of che:i:Uit.-1, !0th ed. !a!cCnw.ffill, B:d '=:., ?-'!• Y::ri:. 
LittJe, -~.D. 1971. h,orpnic chemical pollution of f,..h water. Wat.er quality data booL 

Vol. 2. U.S. Ecvir.>nmea.t&I Protection A.ftney, HlllO OPV, pp. 24-2!. 
McKee, J.E., ud W.W. Wolf. 1M3. Water quality er.tn'i&. CtJitomiit ~ W~.

R..>uras Cor:tl'OI Board. Pub. No. ~A. 
N'atfo!l..ll .A.cademy of Scienca, National Amdemy of ~DI· lt7'- Wai.w quality 

cnt.eria, 1972. U.S. Government Printing Office, Wuhinrton. D.C. 
Patty, FA l~ Induatrial hypne and tozmao, VoL II. JobJI .\.Wiley, N.,_ York. pp. 

99frlOO'Z. Cited in U.S. Dep.rtment of Ru.Ith. Education and Welfare.1918. 
Public Health Sel"Vice. 1962163. Drinkizic 1'&ter quality of~ inw.tat.e cm'rier 

1'&W 1uppliea. U.S. Dei:artment of HealtA. Education and Welfare, WuhiJlrt.oa, D.C. 
Sollm&Dn, T.H. 1967. A manual of pbarmlmloo and ita appljc:atio111 to~ and 

t.oncoloeY. 81.h ed. W.B. Saunden c.o. Pltiladelphi&. 
Stokinrv, H.E., and R.L. Woodward. 1968. To:iticoloric met.hods fer INNiMinr drinki.nr 

water lt&ndarda. Jour .• .\mer. Wat.er W or1'I Aaln. 50: 515. 
U.S. Department of Health, Education and Welfare. 1988. flooeliminary air pollution 

1urrey of barium and ita compouDda, a literature rev;ew. Nat.ioul Air Poilutioa. C.OOa-ol 
Administration Publication No. APT D 5-211, Ra1eicb. N.C. 

BORON 

.REFERENCES CITED 

BiaV, J.W., and K. P'iftman. 1990. ~11 a.t.orption and Nleue by IDila. Soil Sci. Soc. 
Arner. Proc. 2': 115. 

Brw1!ord, G.R. 1966. Boron (t.oD:ity, i..DdJCai.or planui in diapol'Uc criteria tar planta 
and IOila. H.O. Chapm&11, ed. Uninniry of C&JLforru&. DivWion of AcricWtw'l.I Science, 
Berkeley, p. 33. 

lA 0erc. E. lM>. The •lt-puri&atioa of~ and the l"tlatiomhip betw•a. cbernical 
anc! bioloSic&J t.-ia. Proc. S.CODd 5,YlllPCmurn on Tr.tment of Wute Waters. 
Perramon PNm. Loadon. p. 211. 

lA Clerc, E.. and F. DevlamiDCk. 11156. Fiab to.DO ty i.t1 and water quality. Bwl de Befa'e 
C.Ondument Eau. 28: IL 

l'.opp J.F., and R.C. ltroner. 1987. Tl'ICll met.ala in nun of the United Stat& Federal 
Wat.er Pollutjon c.ontrol AdnUDiltration, U.S. Otputment of Interior, Cincinnati, Ohio. 

Mel.-, J.E.. and B.W. Wolf. 196.1. Water quality c:r1~ State Water Q\lality Cootrol 
Bo&rd, s.crament.o, Calif. Pub. ~A. 

National Academy of Sciencm, National .Academy of Encineerinc. lt7(. Water qwility 
cnteria.1972. U.S. GoYmunent Printing Office. Wut1.i11rt.on, D. C. 

Ricb.&rd.a, I..A., ed. 196(. DiarnoN and improvement of aaJ i ne and alkali IOill. A(ricult.ure 
Handbook So. 60. US. Government Prin~ng Off a. V.'ulunrton. 0. C. 



CH:LJJROPHENOXY HERBICIDES 

REF£RENCtS CITED 
Kn.ua, 11 cit.Id by llfitdlal. J W, R.E. Hop>n, and CR. G.etje!'ll. l~ Toleruot of 

!arm anim&la 1.o teed c:o11~nillc 2,4-dichloropbenoX)·a.c:e~ aod. Jour. Arumal. Sci. 
5:2216. 
~. A.J •. 1986. Summarill of pllUcide toxicity. Alloc:iatio11 of Food and ~ 

Officialaofthe U.S., Topeka.. Kam. pp. 1-60. 
Palmer, JS., &nd R. D Radele!! 1964. The toltieolO(ic effect.I of certain funiicidel &nd 

heri>icides on 1heep &.nd cattle. Alm. N. Y. Acad. Sci. 111: r.!9. 
Seab\UY. J.H. 1963. Toxicity o! 2.4-dichloropheno:rya.c:etic acid for man and q. Arch. 

Env\r. Health, 7: 312. 

COLOR 

RE~RENC£S ClTED 
A.mtricu Water' Worb A..ac:iation. lWTl. Water quality &DC! tnatment. lrd ed. McGnw

Bill Book Co., Ne• York. 
Birp, ~. and C. Juday. la>. A .cond report oa eol&r radiation and inland laka 

'froula. Wiac. A.cad. ScitDCe, AN. !At. 26: 28S. 
BIKi. A.P .. and R.F. ChNtman. 19Ga. ~ of mknd IUl!aoe wawa. Jrm. 

A.mer. Water Worb Min. M: 7!8. 
Black. A.P., and R.F. Chriltm&n. 19e3b. Chem>eal ~of ful'fic ICidL Jrm. 

A.mer. waur Worb Alln., 56: an. 
Nacow Academy of SCencm. National Academy of Eq;..;zir. 11'7t. Waw quality 

t:l'ltu\&. 1972. U.S. Govtl"mDIDt Prinanc OtflCll, Wu.hiqt.on, D.C. 
Natiow Tcbic:al Adv\lor7 Commitw to t.be Secrewy of the Iai.;or. JJIB. Wai. 

qll&lity c:rit.eri.L U.S. Govermnent PrintiJIC Oft'tca, Wuhiqton. D.C. 
Public Halth Se-rice. 1962. Drinkinc 'ftt.er lt&lldarda, i-. PBS P'llbl. No. B U.S. 

Govemment Printinr Otf'ice, Wubiqt.o11, D.C. 
Sawyer, C.N. 1960. Chemistry for anitary 1~ McGraw-Hill Book C.o., N"' Yark. 
Shapiro, J. 196l Effect o! yellow orpl1ie acida on iron and otbu met.ala ill water. Jrm. 

Amer. Wat.er Vt"orb Aan. 56: 1~ 
S&&lldard metlloda for the H•miMtlon of water and wute'ftter, 13th ed. 1W71. Edited by 

Michael C. R&M. et al. AmeriCIJI Public Health Alm. America:i Water Worb .U.n., 
'Yt"at.er PoUution C.Ontrol Federat.Jon. Wuhinrton. D.C. 

Weith, P.S.1962. Limnoloe'. McGrsw-Hill Book Co., New York. 

DEM!TON 

REF£RENCES CITED 

Butler, P.A. lMC. C.ons.IDlftial fllhuy i11v•tiration1. P.,. ~211 it1 hlticide wildlife 
l&udita. ltQ. U.S. Fiah and 'W"Udli.te Set"Y\Cf C\rc\11.ar 149. Wuhiftl"On, D.C. 

Rudenion, C.. ud Q.H. Pickerin,. 1i68. Tomty of orpnie pbcmphw 111 ; tic:ida to 
(ah. TrML Amer. Fiah. ~ 17: S. 

Ludemann, D., &Def H. Neum&M. 1IS2. Uber die ..vtunr dtr aeur.eitlichen k~ 
tiside au! die ti1r1dll11m1ww~ Amieipr fur SchadlinpkuDde 11Dd Ptlawmchuta, 
au. 

lilMtk, JU., ud W .A. Me.Allilter. 1V10. lllMCtic:ide 1111e1ptillilitf ol - 11D1111DOt1 fllh 
family ~nt&tiv•. Trws. ~. P'iab. Soc. 99~. 

McCann, J.A., and R.I. Juper. 1m Ven.ebral damlc'e to bluecilll upc.d to lc:Utely 
tonc lev"8 o! plStjc:id& 1'Ma. Amter. hb.. Soc. 10 l: 81 T. 

Picb!'inr. Q.H., et al. 1962. Tbe to1ieity o! Of'PNC phmpbarw imectic:idel to diffennt 
ipCitl o( WV'lll••t&r rllhm. Trana. Arner. Fiah. Soc. 91:175. 



Sanden. H 0. 19':'2. Toricity of tome in.ctiddea to four specie of mal~n 
c:r.atAOeana. BW"Uu oC Sport fuheriee and Wildlife, Tech. Pa.per No. 66. U.S. 
Dep&rtmeat of tbe la~. Wuhinrton. O.C. pp.~19. . 

Weila. CM llil68.. The det.enninab<>c of cholirMSt.erue in the brain~ of tAIW IF*=!el 
of (JWhwater r1111 &Dd ita inactiviaboc '" io\ai. F.cio!oc. 39: lk 

Weill. C.M l.i69 Rapol"IW of !iah to aublelhaJ erpoaww of orpttic pholphon.11 
i!l*ti<:icMs. Sew &11d Ind. Wut.es, 31: 580. 

Weill. C.M 1961. Ph)'1'io10fical effect of orpnic phoephoru.s iftl8Cticidel on 1everal 
specie• of fiah. Trans. Amer. F\ah. Soc. 90: 1'3. 

Wei.Y. C.M .. &nd JJ{. G&Jut&tt.er 1964&. Det.ection or pesticid• in water by biochemical 
aaay. Jour. Wat.er Poll. U>nl Fed. 36: 240. 

Weill, C.M., and J.H. Gwt&tter. 1964b. The decay or anticholinetterut acthity of 
o!"Pnic phoephoru. iuecticidel on at.o!'S('t in watera of different pH. Advanoea in 
Wat.er Poll. Raearch, 1:~96. 

GASSES, TOTAL DISSOLVED 

REF'ERENCES CITED 
Bouu. G.R.. et al. 19'i'5 Mortality, a&ltwater adapt&tio11 and reproductio11 of tiab erpmed 

to p1 IUpm&tW"lted wat.ir. t.:.S. Er1vironmen~ Pttlt«Uo11 ApDCf, W11ten1 Fiah 
Toxicology Station, Corvallil, Oroe. UnpubliJbed repol"t. 

Clay, A .• et al. 1975. Erperime11u.J induction of p1 bubble dileue in menhaden. 
~nted a~ the American Fiaheri• Society, Septemi>er 19'75, Lu v....., Nev. New 
Enrl111d Aquarium. &.to11, M.us. 

Dawley, E.M .. and Vt' .1. Ebel. 1975. Effect. of YariOlll concentrat.iom ot dillolved 
atm00pheric p1 on juvenile chinook l&lmon, OMciri~A"' &MA~ &Dd st.ee.lhead 
troul Fish. Bull. 

Dawley, E., et al. 1975. Bia.aays of tot&! dillolved pl ~W"t. National Karine 
Fiaheriea Service, Seattle, Waah. Unpubliahed report. 

Ddloat, J.D., and R. W. Killu. 1m Fint reported illC'idence of pa bubble cm.. in the 
be.aud e!nuent cf a 1team electric reneratini station. Proc. 25th u11u&I meetUii, 
Southeut AMoc. o! Gt.me and Fiah C.Onunillionel'S. 

Ebel, W J ., et al. 19'i5. Effect of atmospheric ru superuturation came! by dazm on 
l&lmon and 1i.Jbead trout of the Snake and U>lumbia RivtrL Final lWparL NOl"Ulwtst 
Fiaheriea <Anter, National Karine Filheri• Service, Suttle, Wuh. 

Keup. L.£. 1975. Ho'W' to ru.d a (lib kill. Water and Sewqe '9r'orka, 121: '8. 
Lindroth, A. 1967. A.biortnic pa 1upenaturatio11 of river water. Arch. B:ydrobiolOI)', M: 

589. 
Maloll!, R. 1972. Oicie:m'ftllOe of pa bubble dileue in three lplCiea of biTa!Ye molluab. 

J our. Filh. Res. Bd. Can. 29: 581!. 
Maraello, R.A., et al. 1'75. Evah1abo11 of alternative 10lutiona to pa bubble dileue 

morulity of menhade11 at Pilrnm Nuc:iear Power Station. Yankee Atomic Electric Co., 
Vr'•tboro, Iha Y A!X:-1037. 

Nation.ti Academy of Sciencm. National Academy of Enrineerinc. 19'7'- Water quality 
c:ritaria. lt72. U.S. Govvuitnt Prilltinr O!ra. Wuhinrton. D.C. 

"Nebeker, A. V., et al. 1975. Et!ecta e! cu 1upen&W1'ated water on fJWh ... t.er invert.I~ 
raia Ptoac.. Gu Bubble 0-.. Worb.Dop. Batt.ell• Norunr•t, Enero' 8-rch and 
O.velopme11t ~De'/ Special Report. 

Nebeker. A. V., et al. 197~ Nitroe·.r1, ozyren. and carbon cliozide u facton &ff eetini fiah 
1\ll'riv&l ill pa IUputaturat.ed water. Tra.na. Alntr. Fiah. Soc. 

Nebeker, A. V., et al. 1976b. Survival of coho U><! IOC.keye aalmon amolta ill-... i.er &ft.er 
ezpoein to ru aupuwawrated water. Trana. Amv. F'ilh. Soc. 

Ren!l"O, W.C. 1963. Gu bubble mort&l.ity of faahel i11 GaJv•t.o11 Bay, Tu. Trana. Amer. 
1'ah. Soc. 82:320. 

Rucker, R.R. 1974. Gu bubble dilt.ue: lf~itim of c:ioho aalmon, ~~"' M.t.t.\, 
ill water trith OODlt&nt to~ SU sw-eW"I ud diffvent Ol)'rtD-Di~D ratio&. 
NatioD&l Ocanic &Zld Auno.. Adm!n., Natl. Ku. f'iah. Sen., Nriw11t Filll Cent.er, 
Seattle, Wuh. Unpubliabed m&DllKript. 

Ruli!10n, R.l.. and G. Abel. 1m. Ni~n 1uperutw.tioc i11 the C.C':.i.mtM and Suki 
RiVVL Tech. Rept. TS-Oe-10-D-OlU. U.S. E:nnroMllftt&I Prvt.tcbon Afeney, 
Recioa X. Suttle, V.'uh. 

Van Slyie, D.D., et al. 1934. Studi• of ru a.00 electloolyie equilibria in blood. XVUI. 
Solubility and pbyiic:al state of atmospheric Di~n in blood oella and JMllzna. Jour. 
Biol. Chem. 106:571. 



GUTH!ON 

REFERENCES CITED 
Adelmari. l.R., aDd L.L Smith. l'npublished dat&. Department of EntomolOI)', Fiahui• 

and Wildlife. Uruv~ty o! Mi111ieeot&. SL Paul. 
Ben&e. G.M .. &lid S.D. MW"phy. 197•. Anticbolinat.erue action of methyl pu&thioD. 
~t.hion &Zld az:inpholmethyl in mice azid fiah: Onaet ud rw:ovuy o! iJihlbiU<>n. Bull. 
EJiv\ron. C.Onwn. To:iOcol. 12117. 

B~r. P.A. 1963. C.Omme:ci&l (1Sberit11 inv.-tiptiona. /,,. Plltic:idt-trildlife studi• 
du.rinr 1961 and 1962. t.:.S. Fish and Wildli!t Service Circ. 167, Waahiq'tDn, D.C. 

Carter. F.L. 1971. /fl. t'iiio 1tudi• of brain acetylcholinestuue inhibitJon by orpnop~ 
bte &lid Cl.l'b&mate imecuc:idt9 in r11a. Pll.D. Ihwn&tion, lh•i•iana State UDivt.l"lity, 
Bat.on Rou~. 

t.oppap. D.L. lm Orpnoph01phat.e J*t.ieidel: SpC!'ic level of brain ACHE inhibition 
rtlat.ed to de.ath in 1h•p1hud minnows. Trana. Amer. Fiah. Soc. 101:53'. 

Coppare. D.L.. and T. V.'. Duke. 1971. E!!ecta o! pesticidel in mtu.&riel &Joni the rulf and 
eouth ... t AtJ&nt.ic :iouta. /'II C.H. Schmidt. td. Prooeediftll o! the 2nd ruJ! oout 
eonlerence on moeqwt.o 1uppl"ellion and wildlife manarement. Nabc>nal Ma1qwt.o 
C.Ontrol-Fiah and Wildlife Man&l"ment C.oordinatinr C.Ommin., Wuhilll"'Or.. D.C. 

<:opp.p, D.L. and E. MatthttrS. 197•. Short term ef!ect.1 of orpnopbasphat.e ~ 
oa choliHlt&ruel of •tu&rine f11ba ud pink abrimp. Bull. Environ. Cont&m. Toxicol. 
11: 483. 

Copparoe. D.I. et al. In p,.... Brai11 acetylcholi~ Inhibit.ion in fiah u a diqnoN 
o! tn¥Wnmect.al poilonil\&' by m&lathion. 0.0-dimethyl 5{1,2.-dic:arbetho:ryethyi) 
pbcspborodit.hioat.e. P•ticidt Biochemiltr)· and Pb)'liolol)'. 

Davia, H C .. and H. Hidu. 1969 Ef!ecu of pe1ticidee on embryonic devtlOl'!Dtllt of daml 
and o)'lten and oc aurvivaJ and rrowUi of tbt l&rvu. U.S. FWi and Wildli!e Service. 
Flabery BWlet.in, 67: 393. 

F.alDn. J.G. 1970. Chronic malat.4ioc t.o:rieity to tbt bluecill (Z,,,,0-u tMom!CAi'"'61 
Ra.tinmque). Vr'ater R..earch, 4:6i3. 

rWit. D.R.. et al. 1970. Soil runo!!, lachinr. Md adlorption &Dd water .iability swdi• 
witll f\IUU011. Cbemap Rept. No. 28986. 

G.Win, A.R., et al. l~. The to%icity of 10 orpnic imecticidla to Tarioul 1quatic 
inver\elntes. Wa&.er ud Sew. Work.I, 112:276. 

Boll&nd, H.T .• et &I. 1W7. Uae of f11b brain amty~ to monitor pollution by 
orpnopbosphorua p.tic:ida B11ll. Environ. C.Ont.am. Toziool. 2: l.S6. 

Jemen. L.D .. and A.R. Gaufin. 1966. Acutt and lone t.enn e!fect.1 of cirpmc ~ 
011 two lp9Cim of atonetly naiads. J04J.l. Water Poll. C.Ont. Fed.•: 12'73. 

lat:. Ill. 1961. Acute t.oxieity of IOIM orpnic imeeticidel to Uar. lpeci9 of l&lmollidl 
and t.o the W..pizie ,gckleb&clt. Trana. Amer. Fiab. Soc. 90:21k 

Lahav, M .. and s. Saric. 1989. Semitivity of pond rllh to catmoD (ui11plmmetbyl) &Dd 
parathK.11. Ba.midc'eb. 21:6'i. 

II.leek. V .. et al. 1969. The effec:tl of t.empmoature on the 1111Ceptibility of the bluertlla 
ud rainbow trout to •leei.d s-tic:idlL Billi. Environ. C.Ontam. Toziool. S:174. 

lbcek. KJ .. and ~·.A. McAllilw. 19'70. lmecticide NIClptibility of eome oommon fllh 
family rtprwentativ• TPo&DI. Amer. Fiah. Soc.19:3>. 

Meyu, F.P. l~. Tht upenmental 1111 of suthion u a ..Jective fllh awiicator. Tram. 
Amer. Fiah. Soc. N:3J3. 

Nebeker, A. V., and A.ll Gau.tin. 116&. Bioaluyt to determine perQcide tozieity to the 
amphipod CN1i.acMn. Go"',."" ~. Proc. Ut.ah Amd. Sci. AIU and Lliws. 
41:64. 

Pickui111. Q.H .. et al. 1961. The toxicity of orpnic pbotpboNI iDMe'ticic:I• to dittennt 
apecies of warmwater fW.. Trana. Amer. Fiah. Soc. 91:175. 

Portman. J. 1m R..wta of acute i.t.a 1"tb marine orsazi,ilma, Illini lt&lldard methoda. 
• Pac- 212-217 '" Ruivo, ed. Karine pollution and .. life. FilbiJ3c Ne'WI (Boou) Ltd., 

Loedoo. . 
Pait. G .• and JLA. lAulft. 19'7'- Sul>Mthal effect of malathion to tJi.. lalmonid ~ 

BWl. Environ. Cont.am. Toricol. 12: 3~ 
Sanden. H.O. 195. Tozicity of pmt.ic:idel to the cnstacun, Gca•tM"" ~. Bl&ft.&11 

of Spon Filherila and Wildlife Tech. Paper No. 25, l'.S. Department of the Interior, 
'fiuhinl'On. D.C. 

Sud~. B.O. 1t'72. TozX:ity of IO!'!W imecticid• to four "** of lll&laaDltnca.n 
~U.S. Department or the laWrior, Bw.u of Spart Fablrilaand W'Udlite 
Ttch. Papsr No. ts, Wuhincton. D.C. 

Suden. H.O., ud O.B. Cope. i-. Thi Nlative tomtill or...- patieidw to uiada 
ot W. lpecMI ot st.oneru.. Limnol. &Dd C>al&nos· 13: 112. 

hcker. ILL. Md D.G. Crabtree. 19'70. Handbook of tomty of patieidm t.o wildli!e. 
Bluuu of Sport ,.._ &Dd Wildlife &.iarDI Pllbl. Mo. M, UA ~-'t of U. 
Interior, WuJWirto11, D.C. 

Wei&, c.ll 15168. The det.trminatioa of moliDelterul iJl the bniD U.. of~ mpec:i.a 
ot f!Whntar rllh ud ita IC1:3vation i• -mo. F.colOI)', 38: lk w-. C.ll. 116i. &.pow of ftah to 1UbMtMI UpolWW of arpnic ~ 
~Sew. and hid. Wan., Sl: SS>. w-. C.ll. !Ml P!i)'lioloeical effec:tl of orpnie pbaapborw iw1ic:idel oa .. ....i 
lplcitl of rllh. Trua. Ame. Fiah. Soc. 90: 1'3. w-. c.Jl, and J.H. G&biatt.er. 1iM. 0.Cotction of paticidel iJl ....... bf bitJ t I" ft! 
-Y· JOAJr. Watar Poll Cont. Fed. 36: 240. 



HARDNESS 

REFERENCES CITED 
Doudororf. P .. and M ~t.:. 1953. Critical revin· cf lit.io!'lture on th-! toxicity of induatl'ial 

wut.ea and their oomponent.t to ii.sh, II: The rnet&b u a&Ju. Sew. and lod. Wuta. 25: 
802. 

Nauonal Academy of Sciences, National Academy of Enfi,.,;nr. lf'7(. Wat.er quality 
crit.e.ria. 197'2. L'S Government Printing Office. Wuhinft.On, O.C. 

National Technical Adv\lory Committee to t.he Sec:ret&ry of the Interior. 19e8. Wat.er 
quality crit.eria. U.S. Goveniment PrintinrOt'fice, Wuhinrton. D.C. 

Sawyer, C.H. 1960. Chemistry for unitary tftfineera. Kc:Graw-Hill Book Co., New Yon. 
Stitt, M.J. 1971. Copperlbicarbonate equilibria in IOIUUoftl or bicarbonate ion at 

concentrations 1imilar to t.hOle found in natural water. Water R.earch, 5: 171. 

MALATHION 

REFERENCES CITED 
Andenon. B.G. 19'30 Tht toxicity or orpnic insecticides tD Dap.\~ia. Second Seminar on 

Biol. Problem.. 1n Wat.er Pollution. Robert. A. Tut Sa.nit&ry En&ineerizir Center Tech. 
Report Vr60-3, Cincinnati. Ohio. 

Bender. M.E. 1969. The toxicity of the hydl'ol)'lia and lnakdoW11 produeta of ma.lathion to 
the !at.bud minnow (Plm.t7JA4k• 1'"""fW Ra!inmqut). Water Ra 3:571. 

Bwuu o! Sport Fisheris &nd Wildlife. 1970. R.oW'ct Publication 108.. Wuhinrton. D.C. 
Butler, P.A. 196.'l. Commercial f11heries inv•tiptioN. /ft. Pesticide wildlife lt\Jdi• 

durinr 1961 and 1962. U.S. Fish and Wildlife SeMce CiJ"C. 117, Wuhinrton. D.C. 
Coppare. D.L, and T.W. Duke. 1971. E!!ecta of puticidel in mtuarill aJonr the I'll! and 

10utheut Atlantic couu. In C.H. Schmidl. ed. Proceedinas of the 2Dd ru1f oaut 
conference on mOlquito suppl'9Sion and wildlife mana,.ment. National ll011quito 
Control-Fiah and Wildlife M&D&l'lment C.OOrdinalinr C:Ommitt., WuhiJll'On. D.C. 

Coppaf'I. D L., and £. Matt.hev.,. 197 4. Short term e!fectA of orp.nopbolphat.e pelticides 
on choli11e1terues of •tuari.De flllMI &Del pink ahrimp. Bull. EnvWA. Coe~ Toziool. 
11: 483. 

Coppa.re. D.L. et al. 1975. Brain acetylcholinaterue inhibition in r11h u a diqnosis of 
environmenw poiaonilll' by malathion, 0, a.dimethyl S{l,2-diearbethoxy•thyl) 
phoaphorodithioate P•t.icide Biochemistry and Physiolory. 

Cope, 0.B. 1965. Sport r11hery investiplion.1. In The e!!ecu of pmticidea on f11h and 
wildlife. Fiah and Vr'ildli!e Senice Circular 266, tr.s. Department of t.be lnwior. 
Wuhinrton. D.C. 

Duia. H.C., and H. Hidu. 1969. Ef!ecu of pelticid• on embryonic development of clamJ 
and O)'Sttrl uid on 1urvivaJ and l"Owth of the larvae. U.S. Fi&h &zid Wildlife Se1"vice, 
Fiaher')' Bullet.in. 67: 393. 

F.aton. J.G. 19'70. Chronie m&lathion toxicity to the blueg;ll (lqoMv ~i""' 
.R&finmque). Water Ra. 4:673. 

Eichelberzv, J.Vr'., and JJ. Lidltenberi, 197l Puwiatence of pmt.icidla in riv• water. 
. J:nviron. Sci. Technol. 5:5-41. 
Ii*, a 1988. Ac:ut.e tozicit* ot ~to marine decapod Cl"\llt.amau. Clwtacta· 

. DL 11:902. 
Eiallr, ll 19'70. Acute tosiciti• ot orpnochlorine and orpnopbasphoNI imecticida to 

llb:larine ft&J>.. U.S. Buruu of Sport Fisheries aDd 'Wildlife. Tech. Paper 46, 
Waahinrt.on, D.C. 

He11denon. C., and Q.H. Piekerill8'. 1168. TolCic:ity of orpnic plm~ inwticidm to 
f•h. Trana. Amer. Fish. Soc. r.: 39. 

larnak. R.E., &Dd w .J. Collin&. 197 4. The ll&aeeptibility co llJedad imtetic:idta and 
acetylcholintltUUe activity in a laboratol')' colony of m.idp larvae, Qi""'°"'"' 
'"'4u (Diptera: chironornidM). Bwl. Environ. Cont&m. Tosicol.12:Q. 

Katz. It 1961. Acute tosicity of aome orpnic inlecticides to th!. lpeciel of IAlmonidl 
and to the thrlapine aticklebeclc. Trana. Amer. Fiab Soc. 90:JIW. 

Mactk. J{.J., and v.· .A. McAlliater. 1970. Imecticid• NIClptibllity ot 111me aommon fllh 
family r"tplWent&t.iv•. Trani. Amer. Fish. Soc. 99:2). 

MoWlt. D.T., and C.E. Stephan. 1967. A method !or •~blishinr acaeptable toDc&nt limita 
for r~m&lathion and the butozyethanol •ter of 2,4-0. TraDL Azwtr. Fiah. Soc. 21: 
185. 

Mulla. MS., and A.M. Khuawinah. 1969. LaboratDry and field ev&luatioN otluvicidee 
apinlt ~oomid midps. Jour. F.con. Entomol. 62:37. 

P&ria. D.F .. et &I. 1975. Rat.es of degradation of m.alathion by t.et.eria ilol&ted !rom 
.quatic 1yatema. Environ . .xi. Tecllnol. 9: W. 



p, · r-ng Q H tt &J 1962. The umc':y o( o~nic phoe;:>hor-.u i~tu:!des :.o dif!erer.t 
c~;es ~r ... ~..-at.er !i.shes Trt:".S Amer F'1Jh. Soc. 91 175 

P~l. G .. &nd TR.. Sctu'oede!" 19'71. The t.ox1c?:~· of four 1!\5eeticides t.o four u.Jmon1d 

1pec1u Bui!. EnV\J"On. Cont.am Toxieol 6 144 . 
&nden. H.O. 19E!l Toric:lt)' of pestmdes t.o the c:ru~n. Gc"'Ma"" l4cl.nl'V. 8\U'UU 

of Sport F'\aheri• &nd Wiidli!e Tech P&per ?'io. ~. t.: .S. Dep&rtment of the lntenor. 

WubingtoD. 0.C. . .. d , · f m.al·-tncan 
Sanden. H.O. 1m Toxicity of 10rne 1nsect1c1 es ~ _10111' species o . - 1 

cruJt.&CIMl'\S. 8uruu of Sport Filheties and W1ldl1fe Tech. Paper ?-io. 66. U.S. 
Department or the Interior. Wuhinrt.on. DC. . . . t 

Sanden. H.O., and 0.8. C.O~. 1966. Toricit.itm of 11ven.I pmucdel t.o two IP90• o 
cladoce"11L Trana. Amer. Fiah. Soc:. 96:166. . . . . . __ ,_.,. 

Sanden. H.O., and O.B. Cope. 1968. The relative t.oltlc1t1e1ot11vel"ll p11t.1odel to _.. 
of three 1peci• of noneni•. Limnol. Ocunoc. 13: 112.. . . . . 

wei.u, c.W .. andJ.H. GWt&tW 1964. The decay of an~chohnaterue M:tlV'lt)' o_t orpnic 
phoaphor-.a inMCticides on ltOrq"t in waten of di!f~nt pH. Advancm ID WaW' 
Pollution ReM&rcl1. 1:83. 

MANGANESE 

REFERENCES CITED 
Fairbnd.,e. R. W., ed. 1966. The encyclopedia of oc:e&l!Of"Pby. Reinhold. New York. 
Gnf!in, A.E. 1960. Si,,uticance ud NmovaJ of ina.apne1e in water wppli& Jour. Amer. 

Water Woritl Alln. 52: 13211. 
Illig, G .1. Jr. 1960. U • of IOClium huamet.aphalpbate in m&npn19t ltahiliatioc. Jour. 

Amer. Water Worb A.In. 52: 867. 
McKee. J.£, and H.W. Wot!. 1963. Wat.er quality criteria. St&te Wac.r Qualit7 <Altro! 

Board. Sacramento, Calif. Pub. ~A. 
Nationa_I Academy of Scienca, National Academy or Enril'*rlllf. 1'74. Wac. quality 
c:n~a. 1972. U.S. Govemment Printinr Office, Wuhinl'Oft, D.C. 

~idt. J.M., et al. Ul68. Iron and m&npM9e in water 1Upplia. Jour. Amer. Water 
Worir.1Aaln. 50: 688. 

Sollman. T.H. 1967. A manual of phannacolOI')'. W.B. Saunders, Philadelphia. 

METHOX'iCHLOR 

REFERENCES CITED 
Ba.hner, L.B .• &Dd D.R. Nimmo. 1'74. Methoda to ..... effem of aombinationa or 

&.oxic:anta. aal.in.ity, and temperatW't on •W&rine uWna.la. Proc. ttA AADll&l Coni9f'UOI 
on Trace Sublunc:m in Environmeaw Health, Univtl"lity of Millouri, C.olumbi&. 

Bu uer. P.A. 1971. IA!luence o! p.atic:adm on marine ecal)'S\lmL Proc. Royal ~ London. 
177: S2'1. 

DMJe. P.J. 1974. The effcu of metho~or on aquatic invertebrate populatiom and 
oommun.itiea. Ph.D. Tbelia. University of Mic.hipn. AAD Arbor. 

Heath, R.G., et al. 1972. C.Omi:az-ativt diet&ry t.o::cicit.itm of J*Ucidel t.o bird&. llU'au of 
Sport Filhuiel ud W"&ldli!e, Viildlit1 Report No.1.\2, U.S. Dep.rtmentof the bi.tor, 
Waahi!IC'OD. D.C. 

Bpdp, H.C .. et al. 1950. Short term on1 tozieity t.ta of IMtbozrchior ill rata aad clop. 
Jour. Pba:macol. Exp. Thenpy, 99: 140. 

Korn. S., and R. F.arntlt. 197 4. Acute tozieity of SI iwtic:idll t.o striped bw, llflr'flfW 
.az:wil. <Ali!orma Fiah &nd G&me, eo: 128. 

Lehman. A.J. 1165. Sum.m.ar;. of pllUcide tozmy. Amoe. of Food ud Drac OMe:iala of 
the 1.i.S .• Topek&, Jt.r.na. pp. 1-40. · 

Muna. J.W., and P.J. Eilele, 1973. Tbe effet:ta of methorychjor 011 aquatic biota. U.S. 
EzlviroMMDi£1 PT'Otaction A,.eDC)', F.colOf)cal Ra. Sen., No. EPA-~'73-066.. U.S. 
Govenimect PNtm, Off1Ct, W uhillpn. O.C. 



Met.calf. Ill-. et &I. 19'il. B~ &.n&loC' ol DDT. Bull. Worid Health~ 

~fb. lm Toxicity of 1ame insecticide ~ loi.Jt tpeOe9 of 111&1~ 
~ Bu~u of Sport F'ianeries and Wildlife Tech. Paper No. 66, t:.S. 
~t PrintiD( Ofrioe, Wuhill(tOn. D.C. . 

SIJGel, 1...1. 1973 P•t.icide l"elidues in birds ~nd mammals. Paps 254-312 '" C.A. 
D:f'WSl"d&. td. E!lviroument&l po!lubo11 by J*tladea. P\enum ~.New York. 

MI REX 

REFERENCES CITED 
Bort.11.-ick, P. W .. et al. 19'13. Aceumwation .nd movement of miru in lelcted ~ 

of South CaroliD&. 1~71. P•ticidel Monit. Jour. 7:S. 
Boollhout. C.G., et al. 19'72 Etfecta of awwz 011 \he larYaJ deYeJopment of two cnba. 

Wat.er, >Jr, and Soil Pollutio11, 1:1'6. 
HeatJi. R.G., and J.W. Spann. 19'11. ~ in the 111viroame11t: A eontiawnc 

conU'OYtf'IY. lnl.Ut':Dnt. Wed. Book Corp., New Yo~. pp. '21-'M. 
He.a th. R.G., et al. 197i Compuative dietary toxicities of pesticides to birdl. BW"l:&u of 

Sport F'iaherie:! and Wiidli!e, WildJJ.!e Report So. 152, l'.S. Department of lct.erior, 
Vr'uhingt.on. D.C. 

Hyde. K M .. et al. 1974. The effect of miru on channel catfish production. Tram. Amer. 
Fiah. Soc. 103.366. 

Kaaer. K.L.E. 1974. Mirex: An uN'900f'liJ.ed contaminant of f11bf8 from Lake Ontario. 
Scienot 185:523. 

Lowe. J .J., et al. 1971. Effects of mire:r on 1elected estuarine orpnisms. P.,.171-186 i" 
Transact1oru of the 36th Sol".h American Wildlife Raourcm C.OnleNnot. 

Ludke: J.L .. et al 1971- Toxicity of rniru to c:nyf'1Jh, ProcaMbrl"" lli!G'lwfo1gi. Bull. 
Enwon Con um Tox1col. 6:89 . 

.Saq,;, S.M .. and A. de la CM.1%. 1973. Miru incorporation in the environment: R..idue1 in 
11on-wyet orpnism.s. im P•ticides Monit. Jou.r. 7: 10.. 

Stickel, v.· .H., et al. 1973. P•ticid• and the enviroeent: A continllinc conb'o'IWly. 
Intercont. Med. Book Corp., Nn: York, pp. '3'i-467. 

Tapu.. M.E., et al. (1975J. S.UOn&I elftcTA ol luched miru on •Ject.ed elt&&&rine 
anima!J. AJ'ch. Environ. C.Ont&m. Toxicol. 3:371. 

Van Valin, C., et al. 1968. Some effecu of miru on two warm waw l1ahe&. Tram. Amer. 
Fish. Soc. 9"i'. 185. 

Wolfe, J.I.., and B.R. NormenL 1973. Accumulation of mirex Nidues in •leet.ed 
orpniam.a after ui a.enal tnatment, Mi.l&iuippi, 1971-72. Peltic:id• Monit. Jour. 7: ltt 

NITRATES, NITRITES 

REFERENCES CITED 
Gillette. L.A.. et&!. 1962. Apprsil&l o! a chemical ~ problem by tlah tozicity t.elta. 

S.•ace IDd. w ui.. 24: 1397. 
Harm90n, P.H .. et al. 1971. The nitrate situation in Dlinoia. Jour. Amer. Wat.er Works 
Aan,13:~. 

K}iqier;L 1967. Sodium nitrite, ulow a.cti~f11h.~i.on. Schweis. Z: Hydrol.11(2):5&5. 
K..Depp, G.1., and G.F. Arkin. 1973. Ammorua tolCleity r..vela ud mtrai.e ~of 

channel catf11h. The Procr-aive Fiah Culturilt. S.U21. 
McC.oy E.F. 1972. Role of bloct.eria in the ni~n eyde ill Jak• Wat.er Pollution Control 
~ Seriel. (EP 2.10:16010 EHR 03172), U.S. Environmental ProtactionActrq, 
U.S. Government Printinrotfioe, Wuhi.npn. D. C. 

Natio11al Academy o! Scieoca lm Accumulation of Ditrat.e. National Academy of 
Sciencm. W~n. D. C. 

Natio11al Academy of Sc:ieDCel, National AC»demy of Enrineel"inc· 1.97(. Wat.er quality 
c:Mtui&. im LT.S Government Printifti Office, Wultin(t.on. D. C. 

f'llbiic Htalth Service. 1961. ~undnter cont&mination: procMdiDCI of 1961 symposi-
11m. Tech. Rpt. W61~. JtA. Tait Sanitary Engineerinr Cent.er, U.S. Public He.alth 
Suvie&. 0.putment Of H-.lth. Educ:a~on and Welfare, QJ!CinMti, Ohio. 



R.wto. R..C., et al. l!r.4. Acute toxicity of nitrite t.o rainbow tl'Out (SAJ""' gam:tM'l"i;. Jour. 
Filh. Ra Bd. Cui 31 ·1663 

R.wlo. R..C.; &nd R.. \'. n~c.. 19'75. AC'\lte toxicity of nitrite t.o eutthroat trout (Sa.lmc 
eJ4 m). Fia.be:n. Bioulay l.Abora t.ory T ec:h. Report No. 7~. Mon\Ua St4t.e U niven1-
ty. 

Sa&ki. A. 1965. Studi• on f11b eu.ltun it1 filtered clOled<irtulatinr a.q~ II. On the 
carp ewtw'e e%perimenta int.he l)'lt..ema. Bull. Jap. Soc.. Sci. F\ab. 31:916. 

Sau.elmacbe.r. P.G. 1962 Methemoriob1nemi& !rom nitl'at.es in drinJOni .... t.er. SchrR.eihe. 
Ver. Wu.er-. Boden-u. Lu!thyg So. 21. Filcher, Stu~ 

Smith. C.E., &nd W .G. Willi.am&. 19'7 '- Experimenw nitrite toxicity in ra.inbow trout and 
chinook l&lmon. Trana. A.ztter. F'llh. Soc.. lOS: 389. 

St.e..-art, B.A., et al. 1967. Nitrate and other p:>llutantl under f'ieldl and f-1.lota. Envir. 
Sci. Tech. 1:736. 

Tl'ama. F.B. 1964. The acute t.oricity o! 11>me common ult. of 1odilun. potulium, and 
ca.lc11nn. to lbe common bluerill (~w ~"" Ra!in.que). Proc. Acad.' Nat. 
Sci .• Pb.iladelphiL 106: l~. 

Vifil, J., et &I. l~. Nitrata in municipal water aupplia c:auae melbemorlobinemia in 
infant.a. Public Health Rept. 80: 1119. 

Wallen. u: .. tt al. 195i. Toxicity t.o Gomhwi.o a.ffinu o( certain pure chemic:all in tw'bid 
waura. S.wace Ind. Wastes. 29 895. 

W~i.on, G. 1951.. Survey o! htentun rtlatinc to infant met.bemoclobinemia due co 
111tnte-«>at&nunated •at.er. Amer. JoW'. Public Health, '1:986. 

W•tin. D.T. 1974. Nitnte and nitrite toxicity to aalmonid fllhea. The Pftl&Temivt Fiab· 
Culturilt. 36.80. 

Wolf!. I.A, and w.:.erman. 1972. Nitrates, nitrites. and nitrol&miDeL Science, 177: 15. 

OIL AND GREASE 

REFERENCES CITED 
Bell&n. et al. l!r72. The sublethal e!!ecta of a det.eJTent o!I the reprodueUon, de'ftlopment, 

and aettlemenl in the polycbaet.oua annelid C4J7it.1Ua mp&l.at.o. Marine BiolocY.14: 183. 
Blumer, M. 1970. Oil eoat&min.ation and t.ht tivinr IWOUl"ml of the -. Food and 

Arricultw'!! Orpni:.ation Tech. Qin/. Rome. nR: lllPl'701R-1,11P. 
Bup. S. L, and C. Ill. Walt.er. 1973. The Npon. of IUCf'OiDvett.etnta to ,..,Une 

pollution in a mountain ~ P.,.. 725 '" Pr!Yeatioe and ODDtrol of oil 1Pilla. 
~Ill' of 11)'111pmium March lS-17. Wuhinrt.on. D. C. 

Diaz.Pifemr. 1962. The ef!ecta or an oil 1pill on t.ht tbore of Gu&niea. P\len.o R;co 
(abltl"ICt). /ua. hi. Mar. i.ar-.. 4th Mtc. Curacao, 12-13. 

Hampeon. G R.., and H. L. Sandel"S. 1969 Local oil 1pill. Oceanu1. 1!5:8. 
Jacot.on. s. M .. and D. B. Boylan. 1973. Etrect or .... at.er IOluble rrscU<>n of ke~ne on 

ehemot.uia in a marine 1nail, NGM4nv.1 o611:Mt¥1. Nature, 241: 213. 
Johna HopkiN Univel"Sity. 196E. Fi:tal report. to the •at.er quality 1ubcommitt.ee of the 

American Petroleum Institute, Project PG 49 U. 
McKee and 'li'ol!. 1963. Wat.er quality c:rit.eriL State Wat.er Retourcea Cclntl'OI Board. 

&cnment.o, Cali!. Pub. No. S-A. 
lllil'l>nov, 0.G. 1967. Ef!ecta of low concent.rationa of petroleum and itl product.I on the 

devtloe>ment of roe of the Bia.ck Sea nat!ish. Vop Ikhtiol. 7: 557. 
Mil'l>nov, 0. G. 1970. Tht ef!ec:t of oil pollution on flora and fauna of the Black Sea. I" 

Promediftll: FAO oonfe"nee on m&l'ine pollution and itl etree1a on liviq ~ 
and fiah. Rome, o.:iember 19'70, E-92. Food and A,riculture Orpnization of the 
Uai\.ld Natione. 

Moon. S. F., tt al. 1973. A preliminary e meat of \ht environmental vulnerU!lity of 
Wachiu Bay, Maine \ti oil aupert.anke1"9. Report No. MITSG '73-8. 

Ntl8on-Sn\it.h, A. 1971. E!recta of oil on marine planta and animals, P~ m-38l i11 P. 
Kepple. ed. Wat.er pollution by oil. London. 

Nei.on-Sn\ith, A.19'73. Oil pollution and marine ecolOI)'. Plenum Pr.a. New York. 



PARATHION 

REFERENCES CITED 
Billa.rd. R.. &nd deK.inkelin. 1970 St.eriliz.ation of the testicles of ruppi• by muna of non

lewl dc»e1 o( ~thlon. Ann~es D Hydrob1olOf1e, l( 1):91. 
Burke, V.'.D. and D. E. Fef"i'UJOn. 1981 Toxicities of four inMCticid• to resistant and 

1U1Ctptible rnoequitofish in 1tatic and Oowinr 10!ut.iona. Moequit.o News, 29( 1):96. 
Care.er. F. L.. 1971.111. v\w atudia of brain aoetylcholint9terue inhibition by orpnophol~ 

ba\.I and cart.mate imect.ic:idel in flah. Ph.D. dialertation, LoWaWia State University, 
Baton Roure. 

Coppa.re. D.l.. 19':'2. Orpnoph01phate peeticides: apeci!ic level of brain AChE inhibit.ion 
related to death in 1heep1he.&d minnows. Trana. Amer. Fiah. Soc. 101 :534. 

Coppare. D.I .. , and T. V.'. Duke. 1971. Effecu of puticidel in ettuaria aJoni the rulf and 
10utheut Atlantic CICIUU. /11. C.H. Schmidt, ed. Proeaedinrs of the 2nd GW! Cout 
Conferenoe on Moequit.o Suppresaion and Wildlife Kana.cement. National Kmqwto 
Control - Fi.lb and Wildlife Man&('ementCoordinatiniCommiti., Wuhinpn, D.C. 

Copp&re. D. L... and E. Matthews. 1974. Short term effecta of orpnophospbat.e J*Uc:id• 
on cholinesterum of •tu&rine f1.1hes and pink ahtimp. Bull. Environ. Contam. ToKicol. 
11: '83. 

Coppare. D. L.., et al. 1975. Bl"'&in aoetylcholint9Wrue inhibition in r11h u a diapolil of 
envvonmenw poiloninr b!' t:Wethion.. O,Q.dimethyl $-(1,l~cart.thoxy~t.byl) pbol
phorodithioat.t. Pesticide l>iochemistry and ph)'1iol0()'. 

Dowden, B. F. lM&. Effecu of five imec:t.ic:id• on the oxy~n conaumption of the bllMC'ill 
1unfish. ~;,, 111a.c•r•adi'""'. Ph.D. 'I'belia, Louiliana St&te Uni•ersity, Baton Rouce

Eaton. J. G. 1970. Chronir. n'l.\ltthion uiricity to the bluee\11, (Uptmii.t ~Ai""' 
R&!inesque). Water JWMarch. 4:673. 

Eichelberrer. J.W., and J. J. Lichtenoerr. 1971. Peniltence of paticict. in river nter. 
Environ. Sci. and Technol. 5:~1. 

Environmental Protection Agency. Office of Pesticides~ 1975. Initial ll:ientitic 
and minieconomic review of parathion. Report. No. EPA~/l-75-001, U.S. Environ
ment.al Protection Al'fncy. National Technical Information Semce, Sprinr(11ld. VL 

Gawin. A. R., et al. 1965. Toxicity of 10 orpnic imel:ticida to v&rioua aquatic 
invert.ebnt.es. V."ater and Sew. Works. 112:2'76. 

Gibaon. J. R.. et al. 19e9. Sources of em>r in the UM of r11h-brain acetylcholinesterue 
act1\ity u a monitor for pollution. Bwl. Environ. Contam. Toxiool. 4:17. 

JenMn. l.. D .. and A. R. Gawin. 1964. Lonr term effecu of orpnic iDllCticid• on two 
1pec1es of stoneny naiads. Trans. Amer. Fish. Soc. 93: ~7. 

Korn. S .. and R. Earn•t. 1974. Acut.t toxicity of 31 imecticidel to Wiped bua, M""""' 
ta.mtuu. Califorrua Fish and Game. 60: 128. 

L&ha'" M .. and S. Sarii 1969. Sensitivity of pond f11h to cotnion (azinphalmethyl) and 
pantltion. Bamidfeh. Bull. Fish. Cult. Israel, 21 :67. 

Leland, H. V. II. 1968. Biochemical facto" affectinr to1:icit) of JIU'thion and llliected 
analors to (11hes. t:nive"ity of Michipn. Ann Arbor. 

Lowe, J. I., et al. 1970. Laboratory bioua&)'1. /fl ~ report for fllC&l year 1969. 
P•ticide Field Station, Gui! Breae, FlL U. S. Fiah and Wildlife Service Circ. 335. 

Ludke. J. I. 1970. Kech&ni!m of Niltance to parathion in mc.quitof11h, GatftlNN 
affiflil. Ph.D. Tbelia. Millillippi St&te UnivtJ"lity, University. 

Moun1., D. I., and H. W. Boyle. 1969. Parathion - uae o! blood concent:"at.ion to diapoee 
mortality of r11h. Environ. Sci. and Technol. 3: 1183. 

Mull&. M. S .. and A. M. Khuawin&h. 1969. Laboratory and fieldevaluationoflanicides 
apinat Chironomic midp. Jour. Econ. Entomol. 62:9'7 

Murphy, S. D .. et al. 1968. Compantive anticholinelter'UI action of orpnopholpborul 
imecticida in invertebrata. Toxicol. Appl. Phannacol. 12:2'2. 

Post. G., and R. ~ Leuure. 1974. Sublethal effect of malathion to three l&lmoaid lpecies. 
Bull. Environ. Contam. Toxicol. 12: 312. 

SandU1, H. 0. lm Toltic:ity of aome inaecticidel to four ipeCiel of lll&1acmtn.c&n 
cru1~ 8W"l&u of Sport Fiahmea and Wildlite, Tech. Paper No. 96. li. S. 
Department of the Interior, Wuhlnft.On. D.C. 

Sa.ndus, H. 0., and 0. B. Cope.. 1966. To:iticitiea of 11veral s-ticida to two lpeCiee of 
Cladoaer&na. Tram. Amer. Fi.lb. Soc. 95:1~. 

Sp.cit, ~ 1975. Acu-..e and chronic parathion toxicity to f11h and invertebrates. U.S. 
Environmenw Prot«tion Al'fncy Ecol~cal ReMarch Seriel. 

Wew. C. M. 1958. The determination of cholinat.erue in the brain U..ue of three IJ*i• 
of f•water r11h and ita inact.i\•at.1on ifl t'ivo. EcolOI)', 39: 194. 

V.'eisa, C. M. 1959. Respon.te of fuh to aublethal lltpolW"tl of orpnic phosphorus 
inMCtic:id•. Sew. and Ind. Wastes, 31: 580. 

Weill. C. M. 1961. Physiole>iical effect of orpnic phoephorw inMCt.icides on 11eversl 
lpeciet of r11h. Trana. Amer. Fi.th. Soc. 90: 143. 

Weill. C. K., and J. H. GWt.atw. 1964. The decay o! anticholinaterue activity o! 
orpnic ph01phorv.J inaecticides on •t.ol"Sf" in •ate" of diffettnt pH. AdVUCll in 
Wat.tr Poll. &ea. 1:83. 



pH 

REFERENCES CITED 

Bell. H.L 1971. E!!ect of low pH on the surviv&l and emeryence of aq1atic i.Jlaecta. Wat.er 
Rel.~· 313 .. 

Butterfield. C.T. 1948. Bacterial properties of tree and combined available chlorine. Jour. 
Amer Water Work.I A.sin. 60: 1306. 

Ca.purro, LJU. 1970. ()ceaq?'aphy !or practicini en&ineera. BatMI lad Noble, Inc., 
New York. 

Delfino, JJ .. and G.F. Lee. 1971. Variation of manpnese, dmolved o:rypn and related 
chemical ~t.en in the bottom watert of Lake Mendota, Wia. Water Ra 5: 1.377. 

Ew-ope&n Inland Fiahvie9 Advi8ory Conunialion. 1969. Wat.er quality criteria for 
Ew-ope.an fJWhwat.u (iah-utnrne pH values and inland (11heri•. Pre~ by 
EIF AC Worlcnr Pany on Water Ql.iality Criteria for Eu.ropun F..hwa.ter fiah. 
Water Rele.vch, 3: 593. 

Jon11, J .RE. 1964. F'iah and river pollution. Butterworth, London. 
1..&nrelier, W.f. 1936. The analytical control of anu-oonwion water treatment. Jow. 

Water Worb Aan. 28; ~-
Mount. D.1. 1973. Chronic e!feet of low pH on fa~ minnow llU'\'ival, srowUi and 

reprod11ction. Water Rea. 7:98i. . . . . 
National Academy of Sciences, Nat1on&l Academy of Enrtneer1nr. 19'14. Wat.er qu&hty 

critaria. lm U.S. Governme!lt Printi~ Office, Wutunrton. D.C. 
Raid, L.C .. and D.A. CarlJOn. l!r.4. Chlorine diJin!ection of low tempentUl'e wat.en. Jour. 
&n~. Ent.:ieer.r-1 Div., A-C:CE. 100: Ne~ Pl'oc. Papel'I 1~. 339. • 

Sawyer. C.N. 1960. Cbemia~· for unitary eD(lneen. MeGraw·H11l Book Co., New York. 
Stum.ln, W., and J.J. Morpn, li'70. Aqi.atic chel'l1iatr)'. Job.n Wiiey &Dd Siona, lnc., New 

Yorlr.. 
ZUino, A .. t.l'ld S. Yamamoto, 1972. A pH~ependent model for the chemical ~tioa of 

copper. r:ioc, cadmium and lead in tea water. Limn. and Ocunor. 11: e61. 

PHOSPHORUS 

REFERENCES CITED 

F\et.chet, G.L.. and JU. Hoyle. 1972. Acute t.o:ricity of yellow phosphor\11 to At.lantic cod 
(God"' ~wa) and AU&n~ almon (Sol"'° .Mor) 1JDOlt.. Jour. Filh. Ra Bd. o( 
C'.&nad&. 29: ~-

Hutcbiuori, G.E. 1967. A tnaU. on limnoloey. John Wiley and Sona, New York. 
Idler, D.R 1989. 0.ntenoe of a f•hery and a major ind1&1tl)' in Placentia Bay. 

Chemilt.ly in c..nada. 21(11):16. 
bom. B.G. 1960. ToJ:ic:ity of &iement&l'y pho9phoNL Jour. v.•at.er Poll. Cc.ritl'ol Fed. 32: 

13U. 
J&Ap&l"d. P.M. 1'1'0. 'n. role played by the Filheri9 ~ Baud o( Canada in the 

"red" berrinr pbalpboNa pollution cN1a in Plaotnt.ia Bay, Newfoundl&nd. Cimiln No. 
1, f'iaher* R.earch Bo&td. AtJanbc fter;on&l Office, Hali!u, Nova Scotia. 

llecbathun. ~.II. 11'73. Tatrard a cM&ner 1quatic enYiroemen~ U.S. EnYiroemental 
Prot«Don ~riey. Wuhiftl10n. D.C. 

p..,, D.L. l!m. ot.ervat.aom on mor\&liti.a or benthic orpnialDa &fterC1D11Wninatio11 of 
the boUom of -Loac H&l'bow, Plaoenua Bay, Newt oundland with element.al ~ 
NL p.,_ 181-18& '" Ef(ectl o! eiemeat&.I phosphor\11 Oii marine life. ~ 
R.-uzdi Boe.rd o( c.anada. Cirml&r 1 

Vollenweider, P-A. 1973. Input ou~ t lbOdela. Schweiz Z. Hydrol 



SOLIDS (DISSOLVED) AND SALINITY 

REF'ERENCES CITED 

Africult~· Ha.ndbook :So. 60. 1954. Diagnosis and improvement of a&line and albli 10ils. 
u. Richards, ed. t:.S. Government Printinr Office, Wuhin&"t.On. D.C. 

Bruvold, V.'. H .. et al. 19619. Comumer uaesament of mineral tut.e in domestic water. Jour. 
Amer. Wat.er WorkJ Alln. 61:575. 

C&pum>, I.R.A. 1970. Ooe&noeraphy for practicini enaineel"S. Barnet and Noble Inc., 
Ne-.· York. 

Griffith, W.H .. Jr. 1963. Salt u a pouible Jimitinr fa.ct.or t.o the Suisun Manh pheuant 
popwat.ion. A11t1U&I report Delta Fiah and Wildlife Pro~on Study, (;ooperat.ive Swdy 
of California. 

Lehman, J.A. 1964. Control of corTOeion in water l)'ltema. Jour. Amer. Wat.er Works 
A.lln. 545: 1009. 

Loci.hart.. E.E., et al. 195.5. The effect of 1rat.er impwibel on the flavor of brewed coffee. 
Food R..earch, "1>: 598. 

Moore. & W. 1962. Pb)'Wioloric:al etfecta of the comumpt.ion of aaline drinkini water . 
.Nat.ioaal Rea. Council, Di\'. of Jihdic:al Sciel>Cfll, Bull. San. En&T., and Environment., 
AppendU E. 

National Academy of Scienc8, National Academy of Enrineering. 197'- Water quality 
ent.eri&. 1972. U.S. Govemment Printinr Office, Wuhlnrt.on, D.C. 

:Na•.io!!tl Rme.l.!'C~ c,,uncl. 1964. &¥.bu!!! r.!'Stric~e<! ruet!. P\Jb!i~~ien 325, Food Dr.~ 
Nutrition Boud, Wuhinrt.on. D.C. 

National Techn.ic:al Advilory Committee i.o the Secretary of the Interior. 1968. Water 
ql.l.&lity eriteria. U.S. Government Printing Of!iOI!, WMhi~11, D.C. 

Patte.l'IOn, W.I., and R.F. Banker. 1968. E!fecta of hirhJy miDa'a!i.r.e:I water on boulebold 
plumbinr and appliaoms. Jour. Amu. Wat.er Woru Alln. 60: 1060. 

Public Health Service. 1962. Drinkini water lt&Ddarda, 1962. U.S. Government Printini 
Office, Wuhinc"ton, D.C. 

RaWIOn, D.S .. and J.E. Moore. 19". The aaline lakes of Sukat.cbewan. Canadian Jour. of 
Res. 22: 1'1. 

Ricter, C.O .. and A. Ma.eLean. 1939. S&lt tut.e threlhold of humana. Am. J. Pbysiol. 126:1. 
RounMfell, G.A., and v.·.H. Ever~ 1953. Fiabery ICience, itl methodl and applic:atiom. 

John Wilt\' and Sons. Inc., Ne111.· York. 
Sav.-yer, C.S. 1960. Chemistlj' for sanitary engineen. MeGl"lw-Hill Book Co., Nt ... York. 
Standard methodl for the examination of water and wutewat.er, 13th ed., 1971. Edited by 

Michael C. Rand, et al. Americ:an Public Health A.tin., American Water WOl'U A.an., 
Wat.er Pollution Control Federation, Washington, D.C. 

SOLIDS (SUSPENDED, SETTLEABLE) AND TURBIDITY 

REFERENCES CITED 
&lberr. N. and Hoflt.en, B.V. 19'7'3 Oryren uptake of bottom lediment mtud.ied in-litu 

and in the la.borai.ory. Wat.er Rau.rt!\. 7 12.&5. 
European· Inland Fiaheriel AdY'llM)' Commialion. 1965. Water quality criteria for 

European frwhwat.er flab, report on rioely divided aolida and inland filberiee. Int. Jour. 
Air Wat.er Poll. 9: 151. 

Gammon, J.R. 1970. Tbe effect of 1norpruc lediment on It.ream ~iot&. Water Poll. Co!lt. 
&.. Seri•, 18060 DWC 12170. L' i £n,"U"Dnznental Proteet.ion Apncy. U.S. Govern
ment Printinr Office, Wuhinrt.on. DC 

Mackenthun, K.M. 1973. To ... ard • cluntr aquatic en\ironment. U.S. Goveniment 
Printiq Ofra, Wubiqt.on, D.C. 

National Academy o! Sciencm, .National Academy of EnriMUUir· 197'- Wat.er quality 
criteria, 1972. U.S. Government Prinoni Office, Wuhinrt.on. D.C. 

St&ndard methodl for the uamination of •at.er and wut.twater, 197L lath Id. Edited by 
Michael C. Rand, et al. American Public Health Alln., American Wat.er Worb Aaan., 
Wat.er Pollution Control Federation. 

Tarnell, C.M., and A.R. Gaufin. 1953. SolM important bioloeic:al e!!ecta of pollution 
often diareprded in SUU:ti 1urvt)'I. ~ cp of the 8th f\lNue industrial wute 
conference. Reprinted in BiolOi)' of •aw pollution, 1967. US. Department of 
Interior, Wuhingt.on, D.C. 

Tebo, L.B., Jr. 1955. Effectl of ailtation. resu:t.in( from improper loninr. on the bottom 
fauna ~! a amall t1'0ut rt.ream in the IOut..hem Appala.ehiU!i. Th-! Prosreaive Fiah 
Culturut, 17: 64. 



SULFIDE - HYDROGEN SVLFIDE 

REFERENCES CITED 
Adelman. l.R.. and L.L. Smith 19'70 E!fect of hyc!rog'l!n sulfide on northern pike ta' and 

u.c fry. Tran,,. Amer Fish. Soc. 99 50 l. 
Boon. C.W., and B.J. Folli.s. 196i. Effecu of hydrofen sulfide on channel cat!i.sh. Trana. 

Amer. Fish. Soc. 96: 31. 
Colby, P .V., and L.L. Smith. 1967. Survival of w&lleye ergund fry on paper fiber alu~ 

depo1it1 in Rainey River, Minn. Trans. Amer. F'Uh. Soc. 96: 278. 
Holland, G.A., et &I. 1960. Toxic e!!ecu o! organic and inorpnic pollut&nta on )'OUD&' 

a&lmon and t.rout. Wuh. Dept. F'Uh. Res. Bull. So. 5. 
Jone1, J .R. 1964. Filh and river pollution. Butterworth, London. 
National Academy or Sciencm, National Academy of Eneineerini. 1974. Water quality 

criteria. 1972. U.S. Government Printinr Office, Wuhingt.on. O.C. 
Oleid, D.M., and L.l.. Smith, 19'i4&. Chronic toxicity of bydropn IUl!ide to Go"'MC'""' 
~illl!WM'W. Trana .• 'Jner. Fish. Soc. 103. 

Oleid. D.H .. and L.l.. Smith. 1974b. Lor:r term effec:ta of hydrofen sulfide on Hna9f"'ia 
limhaU: ('Ephemel"Optera \. Environment.al Eoology. 

O..id, D.H., and L.L. Smith. 19'i4c. Factors in!luencinr acute toxicity ..Umata of 
hydrocen 1ul!ide to !Nh•ater invertebrates. Water Research 8. 

Smith, 1.1... l!nl. Influence of hydrofen sulfide on rith and arthropod&. Project 1m> 
PCG, U.S. Eovironment.&l P!'Otection Agency, Wuhiniton. D.C. 

Smith, L.!..., and D.!d. <Mid, 1972. Effecu of hydzooiren 1ul!ide on flab ea-sand !ry. Water 
Raa.rch. E: 711. 

Smith, 1.1.., Jr .. and D.M. C>.leid. 1974. Effect of hydrofen 1ulfide on development anci 
1urvival of eiaht freshwater f11h 1pecie1. P~ 4 !5--430 ix J .H.S. Bl.uter, .ci. The early 
life hiatory of f1Sh. Sprinrer-Verlq. New York. 

Theede, H., et &!. 1969. Studi"' on the l'eSiJtance of ln&Z'ine bottom invertebrata to 
oxyren derlciencies and hydroge:i sulfide. Mar. Biol. 2: 325. 

Van Horn, W.M. 1958. The effect o! pulp and paper mill 1rut.a on aquatic li!'!. Proc. 
Ontario Indust. Waste Con!. 5: 60. 

TAINTING SUBSTANCES 

REFERENCES CITED 

Boyle, ~-W 196":'. Tut.el odor oontarnin&tion of fish from the Ohio River Federal W te 
. Pollution C.On':J'OI Administration, Cincinnati, Ohio. " · a r 

Nati.onal Academy of Sciences, Nation&! Academy of Eng'ineeri~. 1974 Wate uali 
cntena, 1972. U.S. Government Printing Office, Wuhinrton, D.C. · r q ty 

Shumway, D.L., and ~-R Palen.,ky. 1973. Impairment o! the tlavor of fish bv water 
pollutants. U.S. Envtronmenul Protection Agency EPA-R3-~10 l's Go.· 
Pnnt1ngO!!ioe. Wuhinguin, DC. • • · · \ernment 

Thom&1, N.A. 19'.J. A.Deument o! fish !lesh tainting substances. [11 J. Cairns and KL. 
D1c~n. eda. B1olorieaJ me~hoda for the UleS.'!ment o! water quality Amer Soci l. { 

· T•unr and Matui.&ls, Tech. Pub!. 528, PtuladelphiL · · e > or 



TEMPERATURE 

REFERENCES CITED 
B&llentine, R.K., and F W. Kittl'ell. 1968. Obeervatioiu of fecal coli!orma in 1everal r"leent 

atnam pollution studies. Proceedil\&'9 of t.ht Symposium OD Fecal Coliform &cteN in 
Water and Wutewater, May 21-22, 1968, Bureau of Sanitary~. c.J.iforilla 
St&LI Department of Public Hu.Ith. 

Blac.k. E.C. 1963. Upper leth&J temperatW"t:& o! aome Brit.iah Columbia f,..hwai. rllhea. 
Jour. Fiah. Ra Bd. C:.o. 10: 196. 

Bretl. J.R. 19"41. Temperini vmua acclimation iD the plantinc o! ~ t1'0Ut. Trana. 
A.mu. Fiaa. Soc. 70: 39'7. 

Bl"ltl. J.R. 1.966. Some principl• in the UlennaJ requirlmentl of tlabla. Quartai1 Rev. 
Biol. 31: 7S. 

Brttt.. J.R. 1980. Thermal Nquir9.rnenta of r11h-tm. demdel of study, ~1'70. !ft 
C.M. Tamrell. ed. BioloricaJ problel!ll in water pollution. Public Health Slrviae. U.S. 
Dept. of Health. EducatM>n &nd W1lf&r1. 

811m10n, B. 1938. SeuonaJ temperature variatio111 in relation to wawi:r.tmut. Jour. 
Amer. V.'ater V.'orb Alln. 30. 7'93. 

Cai.rm, J., Jr. 1966. Effect.a of~ t.emperatww on aqgatic orpllilm. Ied1altrial 
Waai..,1:50. 

CalabreM. A. 1989. Indi,,;dual and combined effl!CU of lllinity and tamperatun on 
embry01 &.nd larvu of the coot clam. Mwiftia l.at.tnllil (Say). Biol. BWL 11'7, S; '17. 

Camp, T.R. li63. Water and it.a impurities. R.inho!d P\lblia!tl~ tor;., Ne• York. 
Chin, E. 19el. A trawl stud)' ot an ..iuanoe nUNery ara in a.lv91ton Bay W'it.b 

p&rt)cular N!tl"lnce to pena.eid 11\rimp. Ph.D. Oimenation. Uninrsity of Wuhiq'ton. 
<AtJow. J.D .• Jr., and C.G. ~ut. 1971. The effect of cyclic t.lmfJll"Stww oc larral 

development in tht mud cnb, RJritllf"OJIGMpt\l.I ~"°""i. lft D.I. c.Np, ed. FCIUN 
European marine bioloa ~po1ium. Cambridi'e UnivlJ'Wity "-, Londoll. 

Coutant. C.C. 19e8. Thermal pollution-bioloeical effecta: A ....Ww of the lit.tratun of 
1987. Jour. Watu Poll. C.Ont. Fed. 40: l<W7. 

Cout&nt, C.C. 1989. Tben:ia! pollution-bioloeical effecta: A Nriew of the lit_..tun of 
1968. Jour. Water Poll. C.Ont. Fed. 41: lOM. 

Coutant, C.C. lt'TO. Tbcrm&I poUution-bioloeical effecta: A rmew of the litarstun of 
195. Jour. Watu Poll. C.Ont. Fed. 42: 1~. 

Coutant, C.C. 1971. Tbermal pollution-bioloeical effecta: A. ....W• of the litarstun of 
lt'TO. Jour. Wat.er Poll. C.Ont. Fed. 43: 1292. 

Coutant, C.C. lm. Bioloeical upecta of thermal pollution, II. Sc:ienti& huia tor wai.r 
temperature lt&nduda at powv plant.. CRC Critical .W.. in EnTiJoolL Coat. I: L 

Coutant, C.C. lY.5. Temper.ture •lec:tion by rllh-a !at:tor in pow.r plant ~ 
._.menta. [ft Sympolium on the physical and bioloricaJ eff~ on the enTironment 
of ooolinr llf'Wlnl and thermal ~ at nuclear poWlr lt&Dona. IDt.a'UtiouJ 
Atomic EneJ"I)' .q.DC:)'. 

C.Out.ant, C.C., and C.P. ~· 19'71 Water pollutioa-thlrmal pollution: A Nview of 
the lit.antun of mt Jour. Wat.er Poll. Cont. Fed. '4: 12.50. 

Cout&nt, C.C., and H..A Pfuderv. 19'71. THrmal effeeta-ltterltart rwriew illue. Jour. 
Water Poll. Cont. Fed. '6: 1.SSl. 

Cout&Dt, C.C., and H.A. Pfuderer. lf'T(. n.nuJ etfeeta-U..turt rwriew illue. Jour. 
Wat.er Poll Cont. Fed. '8: 1476. 

Crisp, D.J. 1967. !tfeet of low tamperetute on the a...sm, ot mariDe ui:maJa. Nature. 
179: 11.38. • 

De Sylva. D.P. 1988. TMontic:al mmideratio111 ot the elf~ ot M&ted etn1m1t1 on 
marine filb& 1,. r .A. Kren&.i and r.c. Part.r, • BicMoP:aJ lll*tA ot thermal 
~~mt:: Vandarililt UDi•trlity "-, Nullrille, Teu. 

dt , V .1. 19'7L TM lffeeta of food depri..,..tion ud lllimty ._. ot1 l"lp"odue-
tiv1 function m the •t:m.ri!lt Pie! fllh. GiUicAt.lp tlli~. Bio[ Bull 141: ~. 

deVlamiq, VJ. JJ72. Tbt etfecta of temperatun ud J*toplriod Oii Nprad\ICQve 
erc1iDC of the estuarine p,iid rllh. <i'llteNAp ..wobilu. Fi1Mr7 Bull. 70, 4: 111'7. 

Dow, JU.. 11'73. Fl\letU&tioDI ill marine II** a)imyt ..... duriq c:liJD&tic CJd& Mar. 
TedL Soc.Jaw. 7,4: a 

Enviroament.al ~ Laboratory. 1976. ~ tor drttlopiq tamper.twoe 
a'ii..ria for tr.h•u.er ra EooloeicaJ it..rch s.n.. l"IPI'\ iD JINlllllStion. ERL. 
Dllluth. Kina. 

Federal Wai. Pollutioll Coatrol Adminiltntion. 198'7. Templl'Murl ud equatic life. 
Laboratory Inn1tiptiom No. I, TecJmjc:aJ Ad'filar7 IDd bftltiptiom Branch, 
Cineinuti, Obio. 
~. F.E.J. 19S'7. a.po .. of•ert.ebrate poikilothenil to~l•A.B. Jbe, ed. 

1\.nnabioloa. A.mdl!IUe "-. Nn York. 
~ ~ im Ow nntlum eU>er Vori)eb&Ddlunc mit komutc ud ..a.Indtn 

W!Dpll'Stlftn ad die ~DI Toti Go11&1M1"U .S.Zi1116f ud ["111. ~ Ma,r. 
Biol. 15: 12. 

Glude, J.B. 1J6l The etfect.a af tampentUJ"t ud pw!aton Oil the abrmd•noe of the 
IOf\&Hll dam, JI~ csrno"4. ill New Ezir!anci T1'&llL ~. Fiah. Soc. M: 1!. 



Glynn p w liQ ........ ITIOr"..alit:ia of echlixnda a.nd Otbe!" ree:! na~ ~ 00\l~OOe!lt 
.,u; midday low ~tu upcmu:w Ill Fue:rto ~. M.&r Bioi 3. 2:26. . 

Gom&la. J G i9'T2. Se.Mon.a.! var\atlo11 in the !'elpOnaee of elt:,l.&.nne popul.atio.na to beat.ed 
•at.u ill the 'ricnity o( a lte&m reneraU!l( pi&.111.. Pb..D. o-eruuon. t.: D.JVU'Slty o( 

B= ~al. ~ Control techniquea (or CIO&(\il.atioo-ri.ltn~on. Jour. Amer. W aw 
WQl'U ~ 6Q. 11'9. _,.,_..; r. h d 

Hom. D.J., et al. 19'75. E!!.:ta o! t.emperature, copper and ..wunM 011 •II W"lllf 
· ul \.Id en~lllM'l!t in power pl&ilt ooDdeme.r coo~ syst.ema. /" Sympmium oc the ;:rm:.i ud BioloP&I E!!ecta 011 t..be Environment o! Coolin( Sy11.em1 ud Tbenn&l 

D\lchal'l9 at N~ear Power PW!~ lnt.ernational Atomic EDtl'IY ~Dey. . 
Jt!fri• H.P .• and w.c. Johmon. 1974. Seu:>nal ciistz;butio!ll of bottom rllhea ID the 
N~tt Bay area: ~en-yeu vaz:iatio111 in t..be abund•,,.,, of W\nter f\ow2der 
(~~ Otlll'P'V.lll""'). J~. Fiah. ~. Bd. Can. 31: 1067. 

Joms. J .JLE. l9M- Fiah and nver pollution. Bunerworth. Londo~ . ecol 
~nne. O. lt70, T1mpera~1nim•'~.11vert.ebrata. I" 0. ¥iDDe. ed. Marine CID'· 

Jolul Wiley ud Sona, New York. . . 
IAclett. w.c .• and JLR. Whitney. im. Wat.er t.niperat&IN and t..be Jml"tiODI of 

Americ&ll abad. Fiah. Bull. '70: &. f .... _ 1..1 .. -r.-1.. 
Lund. W.A.. and G.C. K.altac&. 19'7'0. l(()ft!Mlltl ud mipUolll 0 WIS ... -..ian 

~ ..uatN. taaed in nt.er'I of Ne• York and IOUt..ber'n New ~ 
Trula. ~. f'iah. Soc. 99: 719 

MumenciJI. R.JL 1973. Cbanre ill f..u.n, and body eondition of brown bWlbMda 
OYU'Will\erinr ill t..be beai..d effluent of a power plant. Cha Sci. 14: l.S8. 

Mount. D.I. 1189. Developizlc t.bermal r-.q~menta for frmbwat.er rJ&hll. I" P~ 
Krenkel and F.L. Parker. eda. Bio&opal upecta of tberma1 pollutaon. Vanderbilt 
Univerwity "-· Nuhville, Tenn.. . . . 

National A.cMHmy of Scienc9. Na~~ Academy!'! ~rtneennc. 19'7'- Water qwty 
critet'ia. 1m U.S. ~~nt Prin~:ir Office, Vi uhinrten. D.C. . 

Neill, W.R.. ud JJ. liapU10n. lt7'- Oiliributional eco60I)' and beba'ricnl ~ 
lation of fllhel in relation to beat.Id efflue.nt trom a power plant at La&e Honena. VW 11. 

Trana. AllJc, Fiab. Soc. 108: 86.1. . 
Nicholl, J. T. 191&. M a.bDormal wi.ntM' t\ouDdtlr and othen. C,opei&. 56: 17. 
Olla. B.J ... and A.I. Studholme. u11. ue •11111:1. 01 ......-wn OD \bl KtiTity of 

bluer11b. ~"' mlt4tN (1.. ). Biol. Bull 141: Sl"l. 
Parker, F.L.. and P.A. Knnkel. 1969. Thermal pollution: St.Awa of the vt. IWpor't No.. s. 

School of EnrU-rinc. Vanderbilt U n.ivcwity, N ubvills, Tenn. 
Patnck, R. 19fh. Some effet:tl of teinperatin on frmb .. i. alp&. I" P.A. Ennbl and 

F.L. Parker, Ida. Bioloeical upKU of t.bsrma1 pollution. Vuderbilt UIU..Sty Prim. 
Nuhville, Teen. 

Patl'ick, R. 195b. Oileuaion of eqineeriq ....,.. ~ and ~tudt of thlrmal 
pollution. ff& P.A. ltNnkel and F.L. Parker, edL Bio&ocic&l upecta of \a.rm.I pollution. 
Vanderbilt Univerwity "-· Nuhville, Tenn. 

PIM:ll, J.B. 195. Tberma1 addition and the bent.hoe, Cape Cod C'.&nal. Cba Sci. 10: 12'1. 
Peane. J.S. lt'70. Reprodueave periodicitiel of l~Pac:ific i.nvtr"t.etnt.m in U. GW! ot 

Sua. Ill. Tbt echinoid ~ •"-""' (Lmke). Bull. lhr. Sci. 20: 88'7. 
Phelp1, E.B. 19". Stzoaam l&Dit&tion. John Wiley and Sona. New York. 
PIU!lip1, A.M., Jr. et al. 1960. E!fecu of IW"tation on tbe chemical compmitioa of brook 

trout.,,... F'lah. Cul~ 22: 147. 
Reid, L..C .• and D .A. Carilon. 197 4. Chlorine disin!ec:tioD of low tampe· .. :woe water&. J our. 

Environ. £nc. Di•., ASCE. Vol 100, No. EE2: SS. 
Raney. E.C. 195. Oilclmion of t!feeta of beat.Id~ OD t .. hwat.er ftah i.n Britain. 
I" P.A. ~•I and F.L. Parter eda. Biolop:al upeeta of \Wm&! pollutior.. 
Vanderbilt Univemty PNm. Nuhville, Tenn. 

Sutry, A.N. 19'75. Pb)'lioloa and ecoloCY of rwproduetion in marint in•vtebr'ata /" F J. 
and W.B. VentbrJ,eda. Physioloe\calecoloC)'of~neorpniama. Belle W. Banlch 
Librvy of Karine Science, U!Uvenity of South Carolina Pr.I. Columbia. 

Sinderm&D. CJ. 1966. Effet:tl of environment OD •venl diaeuel of burinc trom U. 
...t.em Nor'UI Atlantic. Spec. P\lbl <Amm. Nor'Ulw. Atlantic: Filh. t: .._.10. 

Sima111rine, M.P. lt74. Variability in NCl"\litment and -awlilrhun catch of ta. IDUihern 
New Eql&nd ,..UowWI floundv fllbery. Jour. du C.O..iJ. 

South. G.E.. and R.D. Hill lt'70. Studi• on marine llpe of Newfoundland L Oun 1wnoe 
and diltl'ibu~n of ftw liviq ~VU""'"°"°"'"' in Newfoundl 1 M C.U. Jour. Bo~ 
48: 119'7. 

Talbot. G.B. J.MS. r..tuanne environmental r-.quirtmenta and limitinc flil:t.l:n for Itri~ 
t.a TraZIL Azov. Fiah. Soc. Special Pub. 3: 17. 

Thorhaur. A., tt al. 1971. lA.borat.orJ thermal t.oi.ruc.. 1 .. R.G. a.dr:PoDd and ~ 
Roeml•. eda. An ..,qical ltvdy of Soutll Bayne Bay and Card !blDd. ~ 
&tport t.o U.S. Atomic En-v C.Ommimon and Florida Po,... ud Licht C.O. Uli'fvlity 
of Miami. Coral G&blea. Fl&., p. 11~1. · 

Trembley, F ~. IMO. a.utcb pro;.et OD .tfec:ta of 00Ddil1191lr diacbarrt ni1r Oil 9qll&Qc 
lilt, pf"OIT'l9 Nport..1966-1969. The Illltitut.e of ~h, l.Ahifb Cm.ftty. 

Vaurtwi, T.W. 1911. Tbl temperatun of t..be Florida ocnl.,.f tnc:t. Pu.bl c..r.p I~ 
Wuh.21S:319. 

V1ls. CJ. 1'70. AAMied ta.m ..mtaaon. Joh!! W'U.,.-Intew:ienca, New Yark. 
Wek.b, W.JL 1968. Chanpl in &buDd&Dce of the rr-n cnh, c.m_, ,...._, (1..). in 
~lation to recent temperature~ Fiah. Bull. 87, 2: !37. 

Zieman. J.C. Jr .• 19'70. The ef!eN of a UiumaJ t!nuent su.. on t..be - ~ and 
m.acroa.lpr in u. Yic:inity of ~•Y Point. Bar- Bar. Fl&. PU>. DimNtioc. 
U!livenrity of M.i&mi, C.Oral Gs.bl•. F1&. • 



BIBLIOGRAPHIC INFORMATION 

Report Nos: 

Title: Quality Criteria for Water. 1986. Update Number 1. 

Date: 1995 

PB95-207395 

Performing Organization: Environmental Protection Agency. Washington. DC. Office of 
water. 

Su§91emental Notes: Portions of this document are not fully legible. See also 
PB -226759. 

NTIS Field/Group Codes: 68D* (Water Pollution & Control). 68G (Environmental Health~ 
Safety) 

Price: PC A04/MF AOl 

Availability: Available from the National Technical Information Service. Springfield. 
VA. 22161 

Number of Pages: 58p* 

Keywords: *Water guality, *Water pollution. *Criteria. Contaminants. Sedimentation. 
Productivity. Biological effects. Water pollution effects. Public health. *Ambient 
water quality criteria. *Quality criteria. 

Abstract: This is the first of several updates to the 1986 Quality Criteria for water 


	440586001B_Page_01
	440586001B_Page_03
	440586001B_Page_05
	440586001B_Page_07
	440586001B_Page_08
	440586001B_Page_09
	440586001B_Page_10
	440586001B_Page_11
	440586001B_Page_12
	440586001B_Page_13
	440586001B_Page_14
	440586001B_Page_15
	440586001B_Page_16
	440586001B_Page_17
	440586001B_Page_18
	440586001B_Page_19
	440586001B_Page_20
	440586001B_Page_21
	440586001B_Page_22
	440586001B_Page_23
	440586001B_Page_24
	440586001B_Page_25
	440586001B_Page_26
	440586001B_Page_27
	440586001B_Page_29
	440586001B_Page_30
	440586001B_Page_31
	440586001B_Page_33
	440586001B_Page_35
	440586001B_Page_36
	440586001B_Page_37
	440586001B_Page_38
	440586001B_Page_39
	440586001B_Page_40
	440586001B_Page_41
	440586001B_Page_42
	440586001B_Page_43
	440586001B_Page_44
	440586001B_Page_45
	440586001B_Page_47
	440586001B_Page_48
	440586001B_Page_49
	440586001B_Page_50
	440586001B_Page_51
	440586001B_Page_52
	440586001B_Page_53
	440586001B_Page_54
	440586001B_Page_55
	440586001B_Page_56
	440586001B_Page_57
	440586001B_Page_58
	440586001B_Page_59
	440586001B_Page_60
	440586001B_Page_61
	440586001B_Page_62



