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This document contains Central Valley Regional Water Quality Control Board (Regional 
Water Board) staff’s responses to peer review comments on: Amendments to the Water 
Quality Control Plan for the Sacramento River and San Joaquin River Basins for pH and 
Turbidity, as presented in staff’s Draft Staff Report (Staff Report) and appendices. The 
peer review comments were provided by: 1) Dr. Don C. Erman, Professor Emeritus, 
University of California, Davis (Attachment 1) and 2) Dr. Peter B. Moyle, Professor in 
the Department of Wildlife, Fish, and Conservation Biology, University of California, 
Davis (Attachment 2).  Responses to Dr. Erman’s comments are provided in Part I of 
this document, with Dr. Moyle’s comments addressed in Part II of this document.   
 
I.  RESPONSES TO DR. ERMAN’S PEER REVIEW COMMENTS 
 
Each individual comment has been identified and provided a number to assure that the 
comment has been addressed by staff (Attachment 1).  Based on all individual, specific 
comments identified in Attachment 1, a number of “Master Comments” are identified 
that define the key topical areas of comment.  Responses to the Master Comments are 
provided first below, followed by a response to each of the numbered specific 
comments.  If the Master Response fully addresses an individual numbered comment, it 
is so indicated.  Conversely, if Regional Water Board staff believe that the individual 
comment requires further address beyond that provided by the response to its 
associated Master Comment, additional response is provided under that specific 
numbered comment.  This “cross-referencing” approach was used to prevent repeating 
responses in their entirety for multiple comments that essentially address the same 
issue.  The Master Comments and “Master Responses” are divided into the same three 
categories that this peer reviewer divided his comments into, which are: 1) Scope of 
proposed amendment; 2) science supporting proposed turbidity amendment; and 3) 
science supporting proposed pH amendment. 
 
I.  Master Comments and Responses 
 
A. Scope of the Proposed Amendments 
 
Master Comment 1: The Staff Report is focused on municipal wastewater treatment 
plant (WWTP) discharges, with an emphasis on low-flow effluent dominated/dependent 
water bodies (EDWs), yet proposed amendments would apply throughout the basins 
(with specific exceptions). The scientific justification, to water bodies not effluent 
dominated, for this broader application of the change in objectives is not presented in 
any of the documentation.  In addition, the staff report and accompanying information 
does not fully evaluate the impacts of allowing unlimited pH change within the range of 
6.5 to 8.5 in larger water bodies. 
 
Response: The Staff Report and its supporting documentation does utilize water bodies 
receiving municipal effluent discharges, and in particular EDWs, as the most prevalent 
example of where compliance problems associated with the current pH and 0-5 NTU 
turbidity objectives occur within the basins. Compliance issues associated with these 
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objectives do not occur in water bodies uninfluenced or insignificantly influenced by 
controllable factors.  
  
The need to address common and widespread compliance issues associated with the 
current pH and 0-5 NTU turbidity objectives were identified in the past several triennial 
reviews of the Basin Plan, which served as an impetus for staff to investigate the 
alternative means of resolving these compliance issues addressed in the Staff Report.  
While low flowing streams provide an excellent example of why the amendment is 
necessary, the scientific literature does not distinguish between low-flowing and high-
flowing streams.  The literature indicates that regardless of stream flow, beneficial uses 
are not affected by the proposed amendments to the pH and turbidity water quality 
objectives. 
 
The Alternative to amend the basin wide water quality objectives for pH and turbidity 
without limiting the amendment by flow (i.e. Alternative 3) was selected as the preferred 
Alternative because it: (1) is consistent with State and Federal water quality laws, water 
quality criteria, and policies, including antidegradation policies; (2) protects beneficial 
uses; (3) is consistent with current science and will improve the scientific basis upon 
which the water quality objective is based; and (4) addresses regulatory issues.  The 
need for appropriate pH and turbidity objectives that are neither over nor under 
protective of beneficial uses resulted in selection of Alternative 3. 
 
The proposed pH amendment is technically consistent with U.S. EPA’s past and 
present recommended pH criteria for freshwaters which do not include criteria based on 
flow.  The current scientific information upon which the proposed amendment is based 
is the entire body of science compiled, presented, and interpreted by NTAC (1968) 
(“Green Book”), NAS (1972) (“Blue Book”), USEPA (1976) (“Red Book”), USEPA (1986) 
(“Gold Book”), and USEPA (2002) (Current EPA recommended water quality criteria).  
The body of science pertaining to the pH requirements of freshwater aquatic life 
presented in these documents supports the proposed pH objective not only for effluent 
dominated water bodies, but also for all freshwaters within the basins.  Moreover, the 
proposed pH objective is essentially equally restrictive to the most restrictive 
recommended pH criteria published by NTAC (1968), and is more restrictive than the 
national pH criteria recommended for the protection of freshwater aquatic life (the 
beneficial use requiring the most restrictive pH criteria) since 1972, which is the same 
as that recommended by U.S. EPA today (USEPA 2002).    
 
In the event that a waste discharge were to elevate one or more metal concentrations in 
the receiving waters to levels at or above the unadjusted CTR criteria and, concurrently, 
reduce pH to the low end of allowed pH range (e.g., 6.5), this could be effectively 
addressed in the NPDES permitting process, irrespective of the proposed amendments.  
 
The same national criteria documents cited above were reviewed for their turbidity 
criteria recommendations.  However, none of these documents recommend discrete 
NTU-based turbidity criteria for water bodies at times when background turbidity is 0-5 
NTUs.  Moreover, the proposed amendment only changes the current 0-5 NTU turbidity 
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objective where background turbidity is less than 1.0 NTU.  When background turbidity 
is ≥1.0 NTU, the amendment proposes no change to the current turbidity objective.  
Under conditions of background water body turbidity <1.0 NTU, visual esthetics quality 
becomes the beneficial use of primary interest because turbidity levels <1.0 NTU are 
below levels of concern for the protection of all other beneficial uses. The Staff Report 
has been revised to include key findings from recent research on low-level turbidity 
effects on clear water fishes (see Newcombe 2003) to address the reviewer’s comment. 
 
The staff report has been revised to more clearly state that the low-flow discussion 
provides the need for the amendment and the scientific literature provides the basis for 
establishing appropriately protective water quality objectives for pH and turbidity for all 
water bodies. 
 
Master Comment 2:  Reason for not selecting the averaging periods alternative is 
weak.  In addition, the recommendation doesn’t actually “reflect” federal criteria because 
the recommendation does not include a change to the maximum pH limitation.  Also, the 
Staff Report and accompanying documents do not evaluate the effects of pH varying 
across the full range of 6.5 to 8.5 in all water bodies 
 
Response:  Averaging periods are allowed for determining compliance provided that 
beneficial uses will be fully protected.  Therefore, while they can, in some cases, 
address regulatory issues they are not the best solution since they require the burden of 
development and tracking of averaging periods, by water body, while providing no water 
quality or beneficial use improvements.  This point will be clarified in the Staff Report 
Section 1.3.3.1 and 9.7 to explain why this option is not viable and should not be 
selected.  
 
The water quality objective range of 6.5 to 8.5 for pH is consistent with the current 
science and EPA criteria; although, it is not exactly the same as the EPA criteria.  
U.S. EPA has defined its recommended range for protection of freshwater aquatic 
life as 6.5 to 9.0 but allows states to adopt more stringent criteria.  Most aquatic life 
do very well within a given range of pH, but do poorly outside that range.  Each 
species is a little different in terms of its pH tolerance range, and this range can vary 
by life stage within a species as well. The current body of science shows that some 
common and important forms of aquatic life can begin to show low-level adverse 
effects from pH at or above about 9.0 (e.g., salmonids) (McKee and Wolf 1963, NAS 
1972, Witschi and Ziebel 1979, and Modin, pers. comm., 1998).  Hence, the decision 
to leave the Central Valley pH objective maximum at the existing 8.5 is consistent 
with the current science and the U.S. EPA criteria because it recognizes that local 
organisms such as salmonids are sensitive to pH at or above about 9.0.  The Staff 
Report will be revised to clarify that the pH objective is consistent with current 
science and recommended federal criteria rather than reflects current federal 
criteria. 
 
The body of scientific literature and the U.S. EPA recommended criteria do not 
distinguish between different water body types in terms of high-flow and low-flow.  The 
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Staff Report discusses the situation in low-flow water bodies because that is where a 
regulatory issue has been identified and data is available.  There is no similar data set 
for higher flowing water bodies and field sampling is not possible since varying pH of 
this type is not found in higher flowing water bodies.  Because the literature and the U.S 
EPA recommended criteria do not suggest that different water body types need to be 
treated differently when regulating pH and low-level turbidity, staff recommendation is 
that the water quality objective in the basin plan should be consistent and not 
recommend different objectives for different stream flows or types.    
 
B. Science in Support of Proposed Turbidity Amendment 
 
Master Comment 3:  The review of literature on sediments and turbidity is truncated in 
time and limited in extent. 
 
Response:  The additional article identified by the reviewer (i.e., Waters 1995) was 
reviewed. It should be noted that the discussions presented in Waters (1995) are about 
suspended sediment’s effects on aquatic life, not low-level (i.e., <2.0 NTU) turbidity and 
its effects on aquatic life or other beneficial uses.  The Waters article does not provide 
information directly relevant to the proposed amendment, nor does the information it 
does present change staff’s findings with regards to low-level turbidity effects.  While the 
Staff Report includes references to studies on suspended sediments, recent studies 
specifically on low-level turbidity are more relevant.  Therefore, the Waters 1995 study 
will not be used but the Newcombe 2003 study will be used in the Staff Report.  Edits 
will be made to the Staff Report, as necessary. 
 
Additional literature, beyond that identified by the reviewer, also was reviewed to 
further demonstrate the adequacy of the proposed turbidity objective.  Findings 
from articles obtained from this search that address turbidity effects on primary 
production are discussed under specific comment #12 (below).  Findings from 
articles addressing the effects of turbidity on macroinvertebrates and fish are 
discussed below.  These additional technical findings will be added to the Staff 
Report and supporting documentation. 
 
Fish. Bash et al. (2001) prepared a review article on the effects of turbidity and 
suspended solids on salmonids.  Of the scores of scientific articles/reports reviewed, 
none reported adverse effects on fish at turbidity levels addressed by the proposed 
amendment (i.e., background turbidity <1.0 NTU not to exceed 2 NTUs).  Low-level 
turbidity effects on fish tend to be related to visually oriented fishes’ ability to capture 
prey and/or avoid predation.  Sufficiently high degree of effects on these key behaviors 
can lead to effects on growth and survival of certain species that, in turn, can lead to 
population or community level effects.  Nevertheless, as shown by Bash et al. (2001), 
turbidities well above 2 NTUs are required to produce sufficient behavioral effects that 
would lead to reduced growth or population or community effects.  Even subtle 
behavioral effects (e.g., reaction distance to prey, avoidance responses) were not 
reported at turbidity levels below 2 NTUs.  
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Sweka and Hartman (2001) evaluated reaction distance in brook trout under various 
turbidity levels.  Data from this study show a statistically significant decline in reaction 
distance with increasing turbidity when all data are analyzed for turbidity levels between 
about 1 NTU and >40 NTUs.  However, there was no statistically significant relationship 
between reaction distance and turbidity for turbidity levels <5 NTU.  Servizi and Martens 
(1992) estimated that the threshold for avoidance behavior by juvenile coho salmon was 
37 NTUs. Berg (1982, as cited in Bash et al. 2001) found that juvenile coho exposed to 
a short-term pulse of 60 NTU left the water column and congregated at the bottom of 
the test tank.  When turbidity was reduced to 20 NTU, the fish returned to the water 
column.  Similarly, Bisson and Bilby (1982) exposed juvenile coho salmon to elevated 
suspended sediment.  Juveniles did not avoid moderate increases in turbidity when 
background turbidity levels were low. In this study, significant avoidance required a 
turbidity of 70 NTUs. 
 
Most of the studies identified in the above literature did not evaluate turbidity increases 
as small as 2 NTUs.  Waters having turbidities around 2 NTUs were typically part of the 
“control” or “clear water” test group, not an “elevated turbidity” treatment group.  A good 
example of this is provided by Lloyd et al. (1987), who reported that arctic grayling were 
absent from reaches below mines, where average turbidities ranged from 75 to 727 
NTUs, but that un-mined reaches, having average turbidities from 1.3 to 2.7 NTUs, had 
0.5 to 8.7 grayling per haul.  In tests conducted by Gradall and Swenson (1982) to 
examine behavioral effects associated with elevated turbidity, clear water control 
turbidities ranged from approximately 1.0 to 3.5 (mean = 2.4) NTUs for brook trout 
(Salvelinus fontinalis) and 2.0 to 3.0 (mean = 2.3) NTUs for creek chubs (Semotilus 
atromaculatus).   
 
A key exception to the general trend in the scientific literature described above is 
provided by Newcombe (2003).  This review article did evaluate effects down to the 2-3 
NTU turbidity level. Newcombe (2003) evaluated the severity of effects (e.g., fish 
reactive distance, predatory prey dynamics, egg and larval growth rates, and habitat 
effects) for clear water fishes exposed to 2-10 NTU turbidity increases for exposure 
periods ranging from 1 hour to > 10 weeks.  According to the model presented in 
Newcombe (2003), 3 NTUs would be protective of clear water fishes for long-term 
exposures.  
 
Summary statistics for clear water Oregon streams during the low-flow period of the 
year (late May through early October) for the period 1992-2002 show variability in daily 
turbidity that includes and occasionally exceeds 2 NTUs.  A number of water bodies 
(e.g., Siletz River, Umpqua River, Metolius River, Chetco River, and Wilson River) with 
median turbidities of 0.5 to 1.0 NTU show standard deviations of 0.4 to 1.8 NTU and 
maximum measured values during the low-flow period of 2.0 to 5.4 NTUs.  A turbidity 
value of 2 NTU is within the range of low-level turbidity experienced by these water 
bodies during the summer low-flow (clearest water) period of the year (Rosetta 2005).  
 
Macroinvertebrates. Quinn et al. (1992) evaluated the effects of long-term exposure to 
elevated turbidity on macroinvertebrate densities and taxonomic richness.  Quinn et al. 
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(1992) determined that both densities and taxonomic richness decreased at 
downstream sites having higher turbidities compared to lower turbidity sites upstream.  
Invertebrate density decreased significantly at downstream sites that had median 
turbidity levels from 7 to 154 NTUs higher than upstream sites, which had median 
turbidities of 0.9 to 4 NTUs.  Invertebrate taxonomic richness decreased significantly 
between all but two downstream sites having median turbidities 23-154 NTUs higher 
than upstream sites.  The authors concluded that turbidity related effects on primary 
production and thus food supply for the invertebrates was the cause of the above-cited 
effects.  
 
It should be noted that the lowest turbidity increase documented by this study to 
decrease macroinvertebrate density was 7 NTUs, and to decrease taxonomic richness 
was a 23 NTU increase.  It is equally revealing that the upstream, low turbidity 
“reference sites” used in this study were characterized by median turbidities of 0.9 to 4 
NTUs (i.e., a turbidity range that extends beyond that limited by the proposed objective).  
The nature of this study, and its findings, support the conclusion that the level of 
turbidity to be regulated by the proposed amendment (i.e., background turbidity <1.0 
NTU, not to be increased beyond 2 NTUs) is below levels of concern for effects on 
macroinvertebrate communities.   
 
Based on the collective scientific findings already cited in the Staff Report and additional 
literature cited above (and under the response provided for specific comment #12), the 
proposed turbidity amendment would be highly protective of beneficial uses in water 
bodies throughout the basins.    
 
Master Comment 4:  Much of the scientific literature cited and discussed is for total 
suspended solids and sediment rather than turbidity per se. 
 
Response:  Section 4.2.5 of the Staff Report explains why much of the scientific 
literature reviewed is expressed as total suspended solids (TSS) information rather than 
turbidity.  In short, because suspended solids cause turbidity, the two parameters are 
often discussed together in the scientific literature and sometimes used rather 
synonymously.  Nevertheless, they are distinctly different parameters, and the proposed 
objective addresses low-level turbidity.  
 
The degree of turbidity is not equal to the concentration or quantity of suspended solids.  
Rather, turbidity is an expression of only one effect of suspended solids upon the 
character of water, the ability of light to penetrate through the water column.  TSS 
information is presented and discussed in the Staff Report for perspective, in part 
because articles in the scientific literature addressing low-level turbidity effects on 
aquatic organisms are not as abundant as articles addressing suspended solids.  The 
concepts presented above also are presented in the Staff Report so that the reader can 
define the relevance of the available TSS and turbidity literature to the proposed 
turbidity objective. To address the reviewer’s comment, more recent literature, such as 
Newcombe, 2003, which specifically study low-level turbidity, will be included in the 
Staff Report and supporting documentation. 
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Master Comment 5: Inferences drawn from the Newcombe and Jensen (1996) article 
indicate that there could be sublethal effects and was not discussed in the Staff Report 
or supporting documentation. 
 
Response: Newcombe and Jensen’s (1996) meta-analysis was developed using the 
results of many decades worth of studies that examined the effects of suspended 
sediment concentrations on aquatic life, all of which examined TSS values that would 
result in turbidity values exceeding the range of values under consideration for this 
turbidity amendment.  In addition, the Newcombe and Jensen’s (1996) model was 
extrapolated out to values greater and lesser than the empirical values used to develop 
their model; however, the authors acknowledged the lower reliability associated with the 
extrapolated TSS data.  The reliability of their extrapolated data is further compromised 
by the poor correlation between turbidity and suspended sediment concentrations, as 
used in development of their model.  Several authors (e.g., Ziegler 2002; Waters 1995; 
Bash et al. 2001; Henley et al. 2000) of studies that we examined (see the response to 
master comment #4) emphasized the difficulty (due to high variability in the TSS-
turbidity relationship over time and across sites) in using turbidity as a surrogate for 
suspended sediment concentration, or visa versa.  This is especially true at low 
suspended sediment concentrations, where the TSS and turbidity are most weakly 
correlated.  Accordingly, the use of the Newcombe and Jensen (1996) model, 
particularly extrapolated low TSS aspects of the model, to estimate sub-lethal and/or 
long-term effects of turbidity in the 0-2 NTU range on aquatic life would be technically 
inappropriate.  
 
C.P. Newcombe’s subsequent work (Newcombe 2003) focused more on effects of low-
level turbidity increases on clear water fishes.  This work predicts essentially no effect 
on clear water fishes from a turbidity increase of 2 NTU.  The proposed amendment 
would allow a maximum turbidity of 2 NTU under clear water conditions (i.e., when 
background turbidity is <1.0 NTU), which is less than a 2 NTU increase above 
background that was assessed by Newcombe (2003) and his conclusion that 3 NTUs is 
protective of clear water fishes for long-term exposures.  As such, the body of scientific 
work compiled and evaluated by C.P. Newcombe indicates that the proposed turbidity 
amendment would be protective of clear water fishes.  Appropriate edits will be made to 
the Staff Report and the supporting documentation to clarify staff’s findings.   
 
C. Science in Support of Proposed pH Amendment 
 
No additional “Master Comments” were identified within this subsection of the peer 
reviewer’s comments.  Responses to comments made in this category are provided 
under Master Responses listed above and via additional specific responses to 
comments provided below.  
 
II.  Specific Responses to Numbered Comments (see Attachment 1) 
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Comment #1: The Staff Report does not provide an adequate explanation for 
expanding the applicability of the amendment to all water bodies rather than limiting the 
amendments to low flow streams.   
 
Response: See response to Master Comment #1.  
 
Comment #2: The Staff Report has chosen Alternative 3 as the preferred alternative for 
pH, in part because it “…reflects current Federal criteria.”  However, Alternative 3 will 
not have the same pH range as the Federal criteria.  
 
Response: See response to Master Comment #2. 
 
Comment #3:  The Staff Report does not adequately justify not requiring averaging 
periods.  In addition, it is unclear whether dischargers are subject to enforcement during 
the time period that they are gathering data to justify an averaging period. 
 
Response: See response to Master Comment #2. 
 
In addition, the reviewer posed the question: “…have dischargers experienced 
enforcement actions for current and past violations?”  Yes, the compliance issues 
associated with the current pH and turbidity objectives have resulted in Cease & Desist 
Orders being issued to dischargers, and third party lawsuits for exceedances of the 
current pH and 0-5 NTU objectives.  Due to these realities, resolving such regulatory 
compliance issues (by first improving the scientific basis for the objectives to assure 
protection of beneficial uses) is among the objectives for developing and processing 
these amendments. 
 
Comment #4: The review of literature on sediments and turbidity provided in the first 
Technical Memorandum is truncated in time and limited in extent. References not cited 
that should be include work by T.F. Waters, 1995, Sediment in streams: Sources, 
biological effects and control (Amer. Fish. Soc., Mono. 7). 
 
Response: See response to Master Comment #3.   
 
In addition to reviewing the Waters Monograph cited by the reviewer, an additional 
literature search was performed to obtain and review additional scientific articles on the 
effects of low-level turbidity on aquatic life.  Findings from articles obtained from this 
search that address turbidity effects on primary production are discussed under specific 
comment #12 (below).  Findings from articles addressing the effects of turbidity on 
macroinvertebrates and fish are discussed under Master Response #3. 
 
Comment #5: Inferences drawn from the Newcombe and Jensen (1996) article found 
that there is a lack of studies at the lower ranges and shorter durations of turbidity but 
goes ahead and discusses ill-effects, not just mortality as the staff report implies. The 
Staff Report needs to consider sublethal as well as lethal effects. 
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Response: See response to Master Comment #5. 
 
Comment #6: Use of Newcombe and Jensen (1996) relationships to predict long-
duration turbidity effects. 
 
Response: See response to Master Comment #5. 
 
As stated under Master Response #5, the Newcombe and Jensen’s (1996) model was 
extrapolated out to values lower than the empirical values used to develop the model; 
which results is questionable utility in this range as acknowledged by the authors.  The 
reliability of their extrapolated data is further compromised by the poor correlation 
between turbidity and suspended sediment concentrations, as used in development of 
their model, particularly at low suspended sediment concentrations, where TSS and 
turbidity are weakly correlated.  Accordingly, the use of the Newcombe and Jensen 
(1996) model, to estimate sub-lethal and/or long-term effects of turbidity in the 0-2 NTU 
range on aquatic life is simply scientifically weak and inappropriate.  This is, in part, why 
C.P. Newcombe turned his future research (Newcombe 2003) to look specifically at the 
effects of low levels of turbidity on clear water fishes – an area not adequately 
addressed by the Newcombe and Jensen (1996) article.  Findings from Newcombe 
(2003) indicate that the increase in turbidity allowed under the proposed amendment 
would have no adverse effects on clear water fishes.  
 
Comment #7: The turbidity Technical Memorandum has over-stated a conclusion about 
direct injury to fully developed fish by non-toxic suspended matter. 
 
Response:  See response to Master Comment #3, #4, and #5. 
 
To assure no over-statement is made, the quote cited by the reviewer will be modified in 
the revised Technical Memorandum to read as follows: 
 

“Direct injury to fully developed fish by nontoxic suspended matter has been 
demonstrated in numerous studies, but only at concentrations that are much 
higher than the concentrations that would exist in water bodies characterized by 
turbidity levels of 2 NTUs or lesscommon in both natural and polluted waters.” 

 
Staff disagree that citations to older literature (e.g., EIFAC 1965) are “at odds” with 
recent summaries of effects of suspended sediment on aquatic life.  Part of the reason 
for citing and discussing the older literature is to lay out, in the Staff Report, the full 
breadth of scientific thought on the topic – not just that contained within the most recent 
article(s).  This provides a true summary of the science from which better scientific 
inferences and decisions can be made. It is recognized that the science on any given 
topic advances over time, which is shown in the Staff Report and it’s supporting 
documents, and will be better shown based on revisions made in response to this 
comment.  Most older literature discussed suspended solids rather than turbidity, which 
is the subject of the proposed Basin Plan amendment.  Recent summaries of low-level 
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turbidity effects on aquatic life (e.g., Newcombe 2003, Rosetta 2005) show that the 
proposed turbidity amendment is highly protective of aquatic life.  
 
Comment #8: Inferences from the Newcombe and Jensen (1996) article indicates that 
there may be sublethal and lethal effects at the turbidity levels expected from 
wastewater treatment plan discharges. 
 
Response: See response to Master Comment #3, #4, and #5, and response to specific 
comment #12. 
 
Comment #9:  A more up-to-date review of the literature that may build on the lethal 
and sublethal effects inferred from Newcombe and Jensen (1996) and other studies is 
warranted.  
 
Response: See response to Master Comment #3 and #5, and response to specific 
comment #12. 
 
Comment #10: The methodology for use of a Secchi disk is appearance and 
disappearance of the disk.  There is no methodology that discusses the use of what was 
described in the Staff Report and supporting documentation, which was the appearance 
of the disk at a certain depth by observing fogginess or graying.  For the applications 
described in the Staff Report and supporting documentation, it would be more 
appropriate to do horizontal observations. 
 
Response: The purpose of the visual aesthetic characterization performed using a 
secchi disk was to document the visual aesthetic quality of water having turbidity of 0.83 
NTU and 1.7 NTUs (i.e., turbidity in the 1-2 NTU range) and to indicate that the 
difference is indistinguishable with the naked eye.  Staff agrees that the secchi disk was 
not used to evaluate light attenuation, per se.  The supporting documentation will be 
revised to clearly state its intent and to clarify that the secchi disk is being used for 
convenience, to evaluate people’s ability to detect low-level changes in turbidity, rather 
than for its typical use. Use of a secchi disk in a horizontal fashion would be appropriate 
if the intent was to address how low-level turbidity changes affect organisms’ ability to 
see through the water column (under water), which was not the intent of this work.  The 
intent of this work was to evaluate whether people looking into a water body such as a 
creek or stream would detect significant degradation in visual aesthetics of the water at 
various turbidity levels below 2 NTUs. For this purpose, the approach utilized worked 
well. 
 
Comment #11: Use of the vertical secchi disk was inappropriate for these 
circumstances.  A more appropriate methodology would be use of the horizontal secchi 
disk. 
 
Response:  See response to Comment #10.  
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Comment #12: The effects of organic carbon and suspended sediments on light 
transmission that, in turn, may affect aquatic plants and the productivity of other 
organisms have not been addressed.   
 
Response:  In streams with a background turbidity <1.0 NTU, an increase to 2 NTU will 
not adversely affect primary production because light will continue to penetrate to the 
channel bottom.   
 
Lloyd et al. (1987) studied the effects of turbidity on light penetration and primary 
productivity in Alaska streams and lakes.  These researchers evaluated the relationship 
between the 1% light depth (i.e., depth to which 1% of available subsurface light 
penetrates) and turbidity by measurements made in 14 lakes.  The data evaluated 
showed that the 1% light depth varied little among four lakes having turbidities below 2 
NTUs, but showed a notable decrease between turbidities >2 to 10 NTUs.  Based on 
their study findings, these authors concluded that a high level and moderate level of 
protection to aquatic ecology, based on effects on primary production, would be 
provided for streams and lakes, respectively, by limiting turbidity increases to 5 NTUs 
above natural conditions.  Relative to lakes, streams show lesser effects on primary 
production due to increases in turbidity because of their shallower depths (where light 
often reaches the channel bottom) and a lesser reliance of the invertebrate community 
on phytoplankton production.    
 
Findings and conclusions from Lloyd et al. (1987) suggest that the proposed 
amendment, which limits turbidity increases to 2 NTU for waters having background 
turbidity <1.0 NTU provides a high level of protection.  The additional scientific literature 
information obtained from Lloyd et al. (1987), discussed above, will be added to the 
Staff Report and supporting documents.     
 
Comment #13:  The Staff Report does not provide a good explanation for expanding 
the amendment beyond low-flow streams.  In addition, there is no evidence provided 
that only minor changes in pH will occur with the amendment to the water quality pH 
objective. 
 
Response: See response to Master Comment #1and Master Comment #2. 
 
As discussed in Master Comment #1 and Master Comment #2, neither major nor minor 
changes in pH cause adverse impacts as long as the pH remains in an acceptable 
range (6.5 to 8.5).   
 
Comment #14: Comment suggests that, under the proposed pH objective, a stream 
with a predominant pH of 8.5 could be changed to a predominant pH of 6.5, which could 
change the water body’s aquatic communities. 
 
Response: Criteria documents do not indicate any detrimental effects in the pH range 
from 6.5 to 8.5.  Although aquatic organisms do vary in their respective pH preference 
by species, and even by life stage, the body of scientific literature indicates that virtually 
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all aquatic life can exist suitably at pH levels between 6.5 and 8.5 (see NTAC (1968) 
(“Green Book”), NAS (1972) (“Blue Book”), USEPA (1976) (“Red Book”), USEPA (1986) 
(“Gold Book”), and USEPA (2002) (Current EPA recommended water quality criteria)).  
The exceptions to this generalization would be unique organisms that require highly 
alkaline or acidic conditions for survival.  These, however, are the exceptions, not the 
norm, and are handled with site-specific objectives in the Basin Plan, such as for Goose 
Lake.  See also pH comment by second peer reviewer, Dr. Peter Moyle, below. 
 
Comment #15:  Natural pH fluctuations are generally associated with specific 
conditions, typically high nutrient levels, abundant aquatic plants, and low alkalinity.  It is 
overextrapolation to conclude that if under some set of conditions pH can fluctuate, then 
it is acceptable if the same range of pH change occurs elsewhere.  An example of 
possible concern is that continuous discharges of hydrogen ions could consume 
alkalinity and eventually lead to the condition downstream where added daily 
fluctuations in pH from photosynthesis and respiration would lead to water quality 
concerns.  
 
Response:  pH fluctuations, whether naturally occurring or anthropogenic, are basically 
caused by changes in the free hydrogen ion concentration in the water.  As the review 
of scientific literature indicates (see Master Comments #1 and #2), changes in pH while 
remaining within an acceptable range do not adversely impact beneficial uses so 
whether or not the source of the pH fluctuations is natural or not, the pH change itself is 
not expected to impact beneficial uses.  The source of the pH changes most likely has 
its own effect on water quality.  Factors affecting water quality are regulated in a manner 
such that they meet adopted water quality criteria/objectives not just at the point of 
discharge into receiving waters, but also at all locations downstream.  Regulated 
discharges must comply with all water quality objectives and not just the pH objectives.  
If a discharge met the pH objective at the point of discharge, but could be shown to 
cause or significantly contribute to an exceedance of the objective at some downstream 
location, then permit limitations for that discharger would be adjusted to assure 
compliance with the objective at all downstream locations.  Direct, water body specific 
measures taken to assure that the adopted objective is met occurs through permits 
issued that control downstream water quality effects of a given factor (e.g., a NPDES 
permit for a particular WWTP discharge). 
 
Comment #16:  Comment addresses the potential fate of metals adsorbed to 
sediments accumulated downstream of a wastewater treatment plant, and states that 
arguments made in Section 5.2 of the Technical Memorandum (RBI, et al 2004) are 
illogical. 
 
Response:  The referenced technical memorandum goes beyond the scope of this 
project and was inadvertently left in the staff report and the supporting documents.  
References to this document will be removed. 
 
Comment #17: This comment makes several points regarding the “Technical 
Memorandum on pH and metals toxicity, RBI, May 2004” 
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Response: The reference to this technical memorandum was inadvertently left in the 
staff report and the technical memorandum was inadvertently included in the peer 
review materials.  The Biotic Ligand Model goes beyond the scope of this project.  
Evaluating the effects of individual metal constituents and the additive effects of metals 
are beyond the scope of this project.  Current state regulations already account for pH 
effects on metals toxicity.  
 
Comment #18:  Comment suggests collection of field data could further clarify 
conclusions made in the trace metals Technical Memorandum based on use of the 
Biotic Ligand Model.  
 
Response: Staff agrees that field data to confirm model assumptions and results are 
always useful. The BLM, throughout its development, has been extensively field 
calibrated and verified.   In this case, inclusion of this Technical Memorandum was 
inadvertent, and goes beyond the scope of this project. Current state regulations 
already account for pH effects on metals toxicity. 
 
Comment #19: Comment states that focus for pH amendment is on effluent dominated 
water bodies and that there is insufficient documentation and rationale for extension of 
the amendment to all water bodies within the Region. 
 
Response: See pH component of response to Master Comment #1. 
 
Comment #20:  Comment states that part of the justification for the pH amendment is 
that distance and duration of discharge-related changes are short.  As such, staff may 
wish to specify the duration of exposure. 
 
Response:  The remarks on distance and duration relate to the expected impacts on 
low flowing streams.  These remarks have been revised.  The scientific literature does 
not specify that pH changes within the acceptable range, regardless of distance or 
duration, cause adverse impacts.  Therefore, staff does not expect beneficial uses to be 
affected by the proposed amendments to the pH and turbidity water quality objectives. 
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II.  RESPONSES TO DR. MOYLE’S COMMENTS 
 
 [See following page] 
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 43200 E. Oakside Place 
 Davis, CA 95616 
 March 7, 2005 
 
 
 
 
 
 
 
Richard McHenry 
Senior Engineer 
Central Valley Regional Water Quality Control Board 
11020 Sun Center Drive #200 
Rancho Cordova, CA 95670-6114 
 
Dear Mr. McHenry: 
 

I have completed my review of the proposed Central Valley Regional 
Board Basin Plan Amendments for pH and turbidity. Attached please find my 
review (Word 98), including two figures embedded in the text. Let me know if 
you have any difficulty opening the attachment or figures. 
 
 I have sent a copy of my review to Dr. Jenkins. 
 

 Sincerely, 
 
 
 
 Don C. Erman 
 Professor Emeritus 
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Peer Review Comments by Dr. Peter B. Moyle 
Professor in the Department of Wildlife, Fish, and Conservation 

Biology, University of California, Davis 

 



 
 
 

 
   
December 27, 2005 
 
Richard McHenry 
Senior Engineer 
California Regional Water Quality Control Board 
Central Valley Region 
11020 Sun Center Driver #200 
Rancho Cordova CA 95670-6114 
 
Re: review of pH and turbidity WQC plan 
 
Dear Mr McHenry: 
 
Attached is my review of the proposed amendments to the Water Quality Control Plan for the 
Sacramento and San Joaquin River basin for pH and turbidity.  I also reviewed all the background 
documents sent to me in support of the amendments. 
 
I have no conflict of interest in that I was not involved in developing the amendments nor do I have 
any economic interest in the outcome of the proposed board action. 
 
Sincerely, 
 
 
Peter B. Moyle 
Professor 
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Review of amendments to the water quality control plan for the Sacramento and San Joaquin river 
basins for pH and turbidity. 
 
Peter B. Moyle 
27 December 2005 
 
pH 
 
The amendment basically proposes to maintain pH standards of the range of 6.5 to 8.5 while 
eliminating the requirement for keeping changes caused by discharges no more than 0.5 pH unit.  
This is a very reasonable amendment, which recognizes that pH values can naturally change 
substantially over the course of a 24 hr period and that most aquatic organisms live without stress at 
pH values ranging from 5.5 to 8.5 (often 9.0)  pH units and can move within that range with very 
little physiological stress.  
 It was actually surprising to me that such a standard for unit change was in place. As the 
review by Robertson-Bryan indicates, the effects of pH on aquatic organisms have been well 
established for decades, with a large spate of studies in the 1960s and 1970s in relation to acid rain. 
While very high and very low pH can be detrimental to most fishes and other aquatic organisms, 
sudden change in pH within the ‘normal’ range is not.  Even the 6.5 to 8.5 pH standard is quite 
conservative and therefore protective of aquatic organisms. 
 
 
Turbidity 
 
The amendment here basically proposes to allow very clear water (<1 NTU) receiving a discharge 
to have turbidity increased by 2 NTU rather than just 1 NTU. This seems reasonable to me because 
a 2 NTU change is likely to be barely within the detection errors of most instruments (including 
operator error), will have no effect by itself on fish or other aquatic organisms,  be visually 
undetectable to most people, and be within the range of natural variation of turbidity in clear waters.  
As the Robertson-Bryan review (and other sources) indicates, turbidity by itself is mainly a problem 
at very high levels when it can serious impair visual cues of fish and invertebrates, depress primary 
production, and have other impacts. Usually the substances causing increased turbidity are more 
likely to be a problem than turbidity itself (e.g., dissolved toxins at low turbidities, sediment at high 
turbidities).   


