v pennsylvania
r’ DEPARTMENT OF ENVIRONMENTAL
PROTECTION

OFFICE OF WATER PROGRAMS

BUREAU OF CLEAN WATER

DRAFT COPPER BLM IMPLEMENTATION PROCEDURE

2025



Introduction

The United States Environmental Protection Agency (USEPA) develops National water quality criteria
recommendations under section 304(a) of the Federal Clean Water Act to protect aquatic life and human
health from exposures to harmful substances. In 2007, the USEPA updated its nationally recommended
freshwater aquatic life copper criteria, based on the Biotic Ligand Model (BLM). The BLM reflects the
latest science on metals toxicity to protect aquatic organisms, accounting for variations in metals toxicity
using local water chemistry data.

The BLM requires information for 10 water quality parameters to calculate copper criteria: calcium,
magnesium, pH, temperature, dissolved organic carbon (DOC), sodium, potassium, sulfate, chloride,
and alkalinity. For more information on the BLM and USEPA's recommendations, visit USEPA's Copper
Biotic Ligand Model webpage.

This document generally describes the Pennsylvania Department of Environmental Protection’s (DEP)
implementation procedure for the Commonwealth's aquatic life water quality criteria for copper, which
are consistent with the USEPA’s BLM-based criteria recommendations. Permits for regulated entities
will be based on one of the following two approaches for determination of the appropriate copper criteria
values: use of the DEP lookup tables or use of the BLM informed by site-specific data collection studies.

The DEP’s analysis of the BLM and available water quality data, described in detail in the Background
and Development section, indicates that use of DEP’s statewide water quality data for certain BLM
parameters combined with site-specific information for the receiving waterbody — Strahler stream order
(a measure of the size of a stream), pH, and DOC — can be used to calculate BLM-based copper criteria
in Pennsylvania if site-specific data are not available for all 10 water quality parameters on which the
BLM is based. Alternatively, regulated entities may choose to perform data collection studies to gather
the full suite of BLM parameters needed to run the model in lieu of relying on the DEP’s lookup tables.
In limited circumstances, a regulated facility may be required to perform water quality data collection,
such as when the waterbody-specific pH or DOC values are outside the range of the DEP’s lookup
tables.

The DEP lookup tables provided in this implementation procedure contain BLM-based water quality
criteria values that could be used to develop permit effluent limitations. These water quality criteria
values are different than permit effluent limitations. Permit effluent limitations must be calculated using
either site-specific or the lookup table copper criteria values and the DEP’s Toxics Management
Spreadsheet. A copy of the Toxics Management Spreadsheet and information on how to use it are
available at the following link: Water Quality Models and Tools | Department of Environmental Protection
| Commonwealth of Pennsylvania.



https://www.epa.gov/wqs-tech/copper-biotic-ligand-model
https://www.epa.gov/wqs-tech/copper-biotic-ligand-model
https://www.pa.gov/agencies/dep/programs-and-services/water/clean-water/wastewater-management/water-quality-models-and-tools
https://www.pa.gov/agencies/dep/programs-and-services/water/clean-water/wastewater-management/water-quality-models-and-tools

Background and Development

The USEPA develops National water quality criteria recommendations under section 304(a) of the
Federal Clean Water Act (CWA) to protect aquatic life and human health from exposures to harmful
substances. In 2007, the USEPA updated its nationally recommended freshwater aquatic life copper
criteria. The USEPA’s revised recommendations use the biotic ligand model (BLM), which is a metals
bioavailability model that accounts for variations in metals based on waterbody specific water
chemistry. The model requires the user to input data for ten water quality parameters that are specific
to the waterbody. These updated criteria replace the USEPA's 1995 hardness-based
recommendations.

Under the CWA and its implementing regulations, states must periodically, but at least once every 3
years, review and revise their water quality standards as necessary to protect their surface waters. As
part of this mandatory process, states must review and consider any new or updated CWA section
304(a) criteria recommendations from USEPA that were not adopted during the state's previous review
period.

Shortly after the USEPA published its 2007 copper criteria recommendations, the DEP began collecting
statewide water quality data for the 10 water quality parameters required to run the BLM. The DEP
collected samples at various water quality network (WQN) stations across the state to supplement the
DEP's existing routine monitoring efforts. This data collection effort was necessary to understand the
USEPA's BLM aquatic life criteria recommendations and to evaluate whether they were appropriate to
protect aquatic life in Pennsylvania’s surface waters. Furthermore, this effort would provide the data
necessary to support the development of a rulemaking to amend the Commonwealth's copper criteria
based on USEPA's 2007 recommendations if the DEP determined the criteria were appropriate for
Pennsylvania. The data for the following 10 parameters are required to run the BLM:

1.) calcium (Ca),

2.) magnesium (Mg),

3.) pH,

4.) temperature (temp),

5.) DOC,

6.) sodium (Na),

7.) potassium (K),

8.) sulfate (SO4),

9.) chloride (ClI),

10.) alkalinity (Alk)

The DEP’s BLM-related data collection efforts resulted in a robust dataset, such that the DEP was able
to evaluate the available statewide water quality data and the USEPA's BLM criteria recommendations.
Based on this evaluation, DEP determined that the USEPA's BLM aquatic life criteria
recommendations were appropriate for the Commonwealth and were based on the most current
scientific data and information.

To assist the National Pollutant Discharge Elimination System (NPDES) Permitting Division with
criteria implementation, the Water Quality Division in the DEP’s Bureau of Clean Water analyzed the
available statewide water quality data to evaluate and understand water quality trends in Pennsylvania
and to inform potential implementation of BLM-based copper criteria across the state. The DEP’s BLM



lookup tables provide one approach to generating BLM-based numeric aquatic life use criteria values
for use in developing permit effluent limitations. While the EPA has generally taken an ecoregion
approach to establishing default water quality parameter values for metals criteria models, DEP's
analysis of its 2022 Water Quality Index (WQI) dataset (Wertz and Shank, 2019)" did not identify a
strong correlation between Pennsylvania's ecoregions and the 10 water quality parameters used in
the BLM. DEP staff did, however, identify a strong correlation between total hardness (the sum of
calcium and magnesium concentrations) and Strahler stream order in Pennsylvania surface waters.
Although hardness is not directly used in the BLM, the concentrations of calcium and magnesium that
make up total hardness are included in the model. The DEP selected data from its 2022 WQI dataset
for streams with a WQI score of 60 or greater. These streams have average and better than average
water quality, which ensures that the dataset primarily characterized natural background water quality
of streams across Pennsylvania and did not reflect water quality in streams impacted by significant
sources of pollution. In total, the selected dataset included 498,645 samples from 5,000 sites or WQI
score categories. As shown in Figure 1 below, instream hardness (that is, the sum total of calcium and
magnesium) increases with increasing Strahler stream order with respect to the DEP’s dataset.
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Figure 1. Strahler stream order of Pennsylvania streams categorized as average to
good water quality (= 60 WQI score) compared to total hardness results from the
WQI dataset.

TWertz, T. A., and M. K. Shank. 2019. Land use from water quality: Development of a water quality index across
Pennsylvania streams. Ecosphere 10(11).



Since streams with similar stream orders had similar hardness values, streams were grouped
into three stream order categories: stream orders 1 to 3, stream orders 4 to 6, and stream
orders 7 to 9 (Figure 2).
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Figure 2. Strahler stream order categories of Pennsylvania average-to-good
streams (= 60 WQI score) compared to total hardness results from the WQI dataset.

To develop the BLM lookup tables, the DEP used the WQI dataset and data from the DEP's Sample
Information System (SIS) (approximately 20 years of data) to accurately represent BLM parameter
concentrations in streams across Pennsylvania categorized by stream order. Prior to this analysis, the
WQI and SIS datasets were merged to obtain WQI scores. WQI scores of 60 or greater were again
used as a filter to characterize only average to good water quality. The median of each BLM parameter
was calculated for each unique reachcode from the National Hydrography Dataset (NHD) to reduce the
effect of psuedoreplication. The number of reachcodes with sufficient available data were tallied and
are listed by stream order category in Table 1. Based on the data for each reachcode for which data
was available, the 25th percentile of each BLM parameter was calculated by stream order group (Table
1).

Table 1. The 25th percentile of BLM parameters filtered for average to good water quality

and grouped by stream order category. Temperature units are degrees Celsius (°C). pH

units are standard pH units. Units for all other parameters are milligrams per liter (mg/L).



Stream 25th 25th 25th 25th 25th 25th 25th 25th Number of
Order —  om Ca Mg Na K S04 clI Ak Reachcodes
Category P 9 Represented
Order1to3 8.50 234 090 0.75 1.00 514 0.87 5.15 312
Order4to6 10.62 823 191 353 100 7.83 506 15.20 193
Order7to9 12.92 18.18 4.41 9.00 140 11.01 12.72 4155 61

The DEP's analysis suggests that using stream order categories may account for a significant amount
of natural variability. Further analysis of the dataset and BLM outputs suggests that pH and DOC are
the most influential parameters in determining the model outputs, and subsequently, the criteria for
specific waterbodies in Pennsylvania. As such, the DEP did not use the 25th percentile values for pH
and DOC in developing the BLM lookup tables, which is why they are grayed out in Table 1. Any person
using the DEP’s BLM lookup tables must have waterbody-specific data for pH and DOC to accurately
use the lookup tables. The 25th percentile values for the remaining 8 BLM parameters were used to
develop the DEP’s BLM lookup tables. The DEP believes that using the 25th percentile values, along
with other conservative approaches taken in the analysis (such as using data from streams with
average and better than average water quality), will result in numeric criteria values that provide an
appropriate and necessary level of protection for aquatic life in Pennsylvania waterways. Permit effluent
limits based on these criteria should further ensure those protections since they are typically based on
conservative design flow conditions (that is, Q7-10 flow, which is a statistical estimate of the lowest
average flow that would be experienced in a waterway during a consecutive 7-day period once in 10
years).

The DEP ran the BLM multiple times using the 25th percentile values for Ca, Mg, K, Na, SO4, Temp,
Cl, and Alk along with pH values ranging from 6.0 to 9.0 and DOC values ranging from 1 milligram per
liter (mg/L) to 6.5 mg/L. This pH range corresponds to the pH criteria in 25 Pa. Code § 93.7, Table 3.
The DOC range represents the range of values most frequently encountered in Pennsylvania surface
waters. If a pH or DOC instream concentration falls outside of these ranges, the lookup tables cannot
be used, and regulated entities will need to work with the DEP to determine the best path forward and
conduct further analyses.



Instructions

To use the BLM lookup tables, a person must know the Strahler stream order for the waterbody of
interest and have waterbody-specific pH and DOC information.

e Strahler Stream Order — Information on Strahler stream order for Pennsylvania surface
waters is available in the DEP's eMapPA, which is located on the DEP's web site at
http://www.pa.gov/agencies/dep (select "Data and Tools", then "GIS" and then scroll to find
‘eMapPA”). In eMapPA, zoom in to the area of interest on the map. Then expand the layers
under the "Regulated Facilities and Related Information" by clicking on the + beside the
checkbox. Next, expand the layers under "Streams and Water Resources" followed by
"Surface Water Related". Under the "Surface Water Related" layer, select the "PA Historic
Streams" layer by checking the box. If the checkbox is not selectable, you may need to
zoom further into the area of interest. At the top of the map, select the information button,
which is a black circle with a white, lowercase i in the middle (&), and then left click on the
stream of interest. The Strahler stream order information can be found at the bottom of the
information box. See Figure 3 below.
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Figure 3. Screen shot of eMapPA showing the location of the PA Historic Streams layer
and Strahler stream order information in the information box.

pH and DOC - In addition to stream order, waterbody-specific pH and dissolved organic carbon
(DOC) information is needed to use the DEP’s BLM lookup tables. The pH and DOC values used
in the model should capture the temporal and spatial variability of these parameters in the


http://www.pa.gov/agencies/dep

waterbody and both values must be specified to the tenths decimal place (i.e., pH = 5.2 versus
pH=5.)

The first step in using the tables is to locate the correct table based on Strahler stream order. There are
three lookup tables that correspond to specific stream order groupings. Tables are as follows:

e Table A for streams with a Strahler stream order of 1, 2, or 3.

e Table B for streams with a Strahler stream order of 4, 5, or 6.

e Table C for streams with a Strahler stream order of 7, 8, or 9.

After identifying the correct table based on the Strahler stream order of the receiving waterbody, a
person will need to locate the stream's pH and DOC values on the table. The pH values used to run the
BLM for the lookup table are located along the left side of the table, and the DOC values are located
along the top of the table. After locating the waterbody-specific pH and DOC values along the X and Y
axis of the table, a person must follow the pH (row) and DOC (column) to their point of intersection to
obtain the waterbody-specific Criteria Maximum Concentration (CMC) and Criteria Continuous
Concentration (CCC) values. The CMC protects aquatic organisms from acute, or short-term
exposures, to copper while the CCC protects aquatic organisms from chronic, or long-term exposures,
to copper. The units for all CMC and CCC values in each of the 3 lookup tables are micrograms per
liter (ug/L). An example of how to navigate the lookup tables is provided in Figure 2 below.

Example: For a stream with Strahler stream order of 2, an average pH of 7.0, and an
average DOC of 1.5, Table A applies since the stream is stream order 1 to 3, and the
CMC is 2.83 and the CCC is 1.75 (Figure 2).



TABLE A - Stream Order 1 to 3.

pH CMC (1g/L) [DOC (mg/L)
CCC (ug/L) 1 11 12 13 14 15 16
CMC EE 027 WE WE 037 029 531 |
60 |cce 0.12 0.13 0.14 0.16 0.17 0.18 0.19 |
CMC 005 026 031 033 036 036 041 |
61 lcce 0.16 0.17 0.19 0.21 0.22 0.24 0.25 |
CMC 033 037 040 043 047 050 054 |
62 |cce 0.21 0.23 0.25 0.27 0.29 0.31 0.33 |
CMC WK 045 052 057 061 0.66 0.70 |
63 |ccc 027 0.30 0.32 0.35 038 0.41 0.44 |
CMC 056 061 067 0.73 0.79 0.85 0.90 |
64  |cce 0.35 0.38 0.42 0.45 0.49 053 0.56 |
CMC 0.71 0.78 0.65 0.93 1.00 1.07 115
65 |cec 0.44 0.48 0.53 0.58 062 0.67 0.71
CMC 089 098 107 116 125 134 1.44
66 lccc 0.55 0.61 0.66 0.72 0.78 0.83 0.89
CMC 1.09 120 131 143 154 165 1.47
67 |ccc 0.68 0.75 0.82 0.89 0.96 1.03 110
CMC 132 1.46 159 1.73 187 2.00 214
68 |cce 0.82 0.90 0.99 107 116 124 133
CMC 158 1.74 1.90 207 223 2.39 2 56
69 |ccc 0.98 1.08 118 128 138 1.49 159
CMC 186 706 395 744 763 283 3.02
70 lcce 116 128 1.40 151 163 1.75 188
CMC 718 740 763 785 3.08 330 353
71 cce 135 1.49 163 177 191 2.05 219

Figure 2. Example of using DEP’s BLM lookup table for a stream with Strahler stream
order of 2, an average pH of 7.0, and an average DOC of 1.5.



DEP BLM-Based Aquatic Life Copper Criteria Lookup Tables for Pennsylvania

TABLE A - Stream Order 1 to 3.

pH CMC (ug/L) [DOC (mg/L)
ccc (ug/L) 1.0 11 14 15 17 2.7
60 |CMC 0.19 021 025 027 029 0.33 054
cCcC 012 013 016 017 018 021 033
61 |CMC 0.25 0.28 0.33 0.36 0.38 0.44 0.71
cCcC 016 017 021 022 024 027 044 2
62 |CMC 0.33 0.37 043 0.47 0.50 0.57 0.93
cCcC 021 023 027 029 031 036 058 X
63 |CMC 0.43 0.48 0.57 0.61 0.66 0.75 121
cCce 027 030 035 038 041 046 075
64 |CMC 0.56 0.61 0.73 0.79 0.85 X 0.96 157
cCcC 035 045 049 053 0,60 097
65 |CMC 0.71 0.93 1.00 1.07 g 122 g 1.99
cCcC 044 058 062 067 076 123
66 |CMC 0.89 116 1.25 134 153 2.48
felele] 055 072 078 083 095 154
67 |CMC 1.09 143 1.54 1.65 177 188 3.06
CCC 068 0.89 096 1.03 110 117 1.90 18
68 |CMC 132 173 187 2.00 2.14 2.28 3.70 8.13
CCC 082 1.07 1,16 124 133 142 230 505
69 |CMC 1.58 2.07 223 2.39 256 2.72 4.42 9.69
cCce 098 1.28 1.38 1.49 1.59 1,69 274 6.02
70 |SMC 1.86 2.44 263 2.83 3.02 3.22 5.21 11.41
cCce 1.16 1.51 1.63 1.75 1.88 2,00 324 7.09
71 |SMC 2.18 2.85 3.08 3.30 353 3.76 6.09 13.32
ccc 1.35 1.91 2.05 2.19 233 3.78 8.27
72 |CMC 2.53 357 3.83 4.36 7.05 15.41
ccc 1.57 2.21 2.38 271 4.38 9.57
73 |CSMC 2.91 2.10 241 5.01 811 17.71
ccc 1.81 255 274 3.11 5.04 11.00
74 |CMC 333 4.70 5.04 573 928 2023
ccc 2.07 2.92 3.13 3.56 5.76 . 12.57
75 |OMC 3.79 5.34 5.73 6.52 10.64 11.37 15.98 . ¥ X 22.98
ccc 235 3.32 3.56 4.05 6.55 7.06 9.92 10.46 1234|1262 1372|1400 [14.27
76 |SMC 4.28 6.04 6.48 7.37 11.92 12.85 18.05 19.02 2245|2295 2495  |2545  |25.96 30.58
ccc 2.66 . 375 4.03 4.58 7.40 7.98 . X 11.21 11.81 1394  |14.25 1550 |15.81 16.12 18.35 18.99
27 |SMC 4.82 531 6.79 7.29 8.29 13.39 14.44 1654 |17.07 19.20 2028 21.36 2521|2577 2801  |28.58  |29.14 X ¥ 33.16 g 34.33
ccc 2.99 3.30 4.22 4.53 5.15 8.32 8.97 1027|1060 11.93 12.60 13.27 1566 |16.00 1740 1775 [18.10 X ¥ 2060 |20 2132
78 |oMC 5.38 5.93 7.59 8.14 9.26 14.96 1612|1670  |17.29 1846  |19.05 2143 22.63 23.84 2813|2875 3125  [31.88  |32.51 F E 36.99 [ 38.28
ccc 3.34 3.68 4.71 5.06 575 7.15 751 8.02 8.93 9.29 10.01 1037|1074 1147|1183 13.31 14.06 14.81 1747 |17.86 0.19 22,97 23.78
78 |SMC 5.97 6.58 8.42 9.03 10.27 2.7 |13.40 14.67 1594  |16.58 1787|1852  |19.47 2047 [21.12 25.00 2643 3147 [31.86 3462|3532 |36.02 40.97 42,40
ccc 371 4.09 5.23 561 6.38 7.93 8.33 9.11 951 9.90 10.30 1110|1150 [11.90 12.71 13.12 15.58 16.41 1936 |19.79 2150|2194 |2237 2545 26.34
80 |CMC 6.58 g 9.27 9.95 11.31 14.06  |14.75 16.14 1754 |18.25 19.66  |20.38  |21.09 2253|2325 27.60 29.07 3429  [35.04 X 38.84  |39.61 45.04 46.62
ccc 4.08 5.76 6.18 7.02 8.73 9.16 10.03 1090|1133 12.21 1266 |13.10 1399 |14.44 17.15 18.06 . . 2413 |24.60 2798 [2846  |28.95
81 |CMC 7.19 0.3 |10.87 12.36 1537 |16.12 17.65 19.47  |19.94 2149  [2226  |23.04 2460  [25.39 30.14 31.74 4239 |43.23 4915 5000  |50.86
ccc 4.47 6.29 6.75 7.68 954 10.02 10.96 11.91 12.39 1335 [1383  |14.31 1528|1577 18.72 19.72 2633 |26.85 3053 [31.06 3159
82 |CMC 7.80 . 1099  |11.79 13.41 16.66  |17.48 19.13 2079 |21.62 2329  [24.13  |24.97 2666  |27.51 32.65 34.39 4590  |46.81 55.06
ccc 4.85 534 6.83 7.32 8.33 1035 |10.86 11.88 12.91 13.43 1447|1499 1551 1656 |17.09 2028 X 21.36 29.07 ¥
83 |CMC 8.40 9.25 11.83 12,69 14.43 17.93  |18.81 2058 2236  |23.25 2505  [2595  |26.86 2867  [29.58 35.11 I 36.97 ¥ .
ccc 5.22 575 7.35 7.88 8.96 1143|1168 12.78 1380|1444 1556|1612 [16.68 17.81 18.37 21.81 . 22.96 ! 3612 [36.74
84 |CMC 8.97 9.88 1264 |13.56 15.41 1915  |20.09 21.98 2388|2483  [2579  |26.74  |27.71  |28.67 3061  [31.58 37.47 y 39.45 6096  [6202  |63.07
ccc 557 6.14 7.85 8.42 957 1189  |12.48 13.65 1483|1542 |16.02  |16.61 17.21 17.81 19.01 1961|2022  [20.83 2327 24.51 37.86 |3a.52 |39.1s
85 |CMC 9.52 10.49 13.41 14.38 16.35 2031 |21.30 2331 2532|2633  |27.34  |28.36  |29.38  |30.40 3245  |3348  |3451  |3555 |3659 |3 39.72 41.82 4926 |50.33 6569  |66.81
ccc 591 6.51 8.33 8.93 10.15 1261 13.23 14.48 1573|1635 |16.98  |17.61 1825  |18.88 2016 [20.80 2337 24.67 25.97 3060 |31.26 4 4080 [41.50
86 |CMC 10.04  |11.06 1413 |15.16 17.23 2141 |22.46 24.56 2668  |27.75 |28.82  |29.88  |30.96  |32.03 3419|3528 . z . 39.64 41.84 44.05 5188 |5 67.98  |69.15  |70.33
ccc 6.24 6.87 8.78 9.42 10.70 1330|1395 15.26 1657|1723 1790 |1856  [19.23 |19.90 2124 |21.91 24.62 25.99 27.36 3222 3292 |33.63 4222|4295 4368
87 |CMC 1053 |11.60 1482 |15.90 18.07 2244|2354 25.75 2797|2908  [3020  |31.32  |3244  |3357 3583 [36.97 4153 43.84 46.15 5434|5553 |56.71 62.69 7119|7241 |73.64
ccc 6.54 7.20 9.21 9.88 11.22 1394|1462 15.99 1737|1806 |1876  |1945 [2015 |20.85 2226 [22.96 25.80 27.23 28.66 3375  |34.49 |35.22 3819 [38.94 4421|4498 4574
88 |CMC 1099 1211 1547 |16.59 . 18.86 2341|2456 26.86 2918|3034  |3151  |3267  |33.85  |35.02 37.38  |38.56 43.32 45.72 48.13 56.66  |57.90 7421|7548  |76.76
ccc 6.83 7.52 961 10.31 11.71 1454|1526 16.69 1812|1885 1957 |2029 [21.02  |21.75 2321 [2395 26.91 28.40 29.89 3520 3596 . 46.09  |46.88  |47.68
89 |CMC 1143 1259 16.08  |17.25 19.60 2434|2553 27.92 3033|3154  [3275 |33.96  [35.17  |36.39 L 38.84  |40.07 45.01 47.50 50.01 58.87  [60.15 |61.43 6400  [6529 |6 67.89 7707|7840  |79.73
ccc 7.10 7.82 9.99 10.72 12.18 1512 |15.86 17.34 1884|1959 2034 [21.09 [21.85 |22.60 2412 [24.89 27.96 29.51 31.06 36.56_ |37.36 |38.15 3975|4055 4136|4247 47.87 _ [4869 4952
90 |CMC 11.85  |13.04 16.67  |17.88 20.32 2522 |26.46 28.94 3143|3268  |3393  [35.19  |36.45  |37.71 4024|4152 46.64 49.21 51.78 60.95 6228 6761  |68.95 |70.29 79.80  |81.17  |8255
ccc 7.36 8.10 1035|1111 12.62 1567|1643 17.97 1952 2030|2108 |2186  [2264 |23.42 2500 [25.79 28.97 30.57 32.16 37.86  |38.68 4199  |4282  |43.66 4956 [5042  |51.27
TABLE B - Stream Order 4 to 6.
pH €MC (ug/L) |DOC (mg/L)
€CC (pg/L) 1.0 11 26
60 |CMC 022 024 055
cCcc 0.14 0.15 034
61 |CMC 0.28 0.31 0.72
cCcC 017 0.19 045
62 |CMC 0.36 0.39 0.93
cCcC 022 025 058
63 |CMC 0.46 0.50 119
cCcC 0.28 031 074
64 |CMC 058 063 150
cCcC 0.36 039 093
65 |CMC 0.72 0.79 187
cCcc 045 049 1.16
66 |CMC 0.88 0.97 2.30
cCcC 055 0.60 143
67 |CMC 1.06 17 2.79
ccc 0.66 073 173
68 |CMC 127 1.40 3.34
cCcc 079 0.87 2,07
69 |CMC 1.50 1.65 3.95
cCcC 093 1.03 245
70 |CMC 1.76 194 463
ccc 1.09 1.20 2.87
71 |CMC 2.05 225 538
cCcC 1.27 1.40 3.34
72 |CMC 2.36 2.60 6.22
cCcC 1.47 1.62 3.86
73 |CMC 2.71 2.99 714
ccc 1.69 1.85 4.43
74 |CMC 3.10 341 815
ccc 1.92 212 5.06
75 |CMC 3.62 3.87 926
ccc 2.19 241 575
76 |CMC 398 438 10.46
ccc 247 272 6.50
77 |ovC 247 192 1175  |1221  |1268  |13.14
cCcC 277 3.05 7.30 7.59 7.87 8.16
78 |CMC 4.99 5.49 1312|1364  |14.15  |14.67
cCcC 3.10 341 8.15 8.47 8.79 9.11
79 |CMC 554 6.09 1456|1513 |15.70  |16.27
ccc 3.44 3.79 9.04 9.40 9.75 10.11
80 |CMC 6.10 6.72 1604|1667 |17.30  |17.93
cCcc 3.79 4.17 9.96 1035|1074 1114
81 |CMC 6.69 7.36 1756|1825 |18.94  |19.63
cCcC 4.15 4.57 10.91 1133|1176 |12.19
82 |CMC 727 .00 1909|1983 |2058  |21.33
ccc 4.52 4.97 1185|1232 1278 |1325
83 |CMC 7.86 864 1102|1181 13.40 2061|2142 |22.22
cCcc 4.88 537 6.84 7.34 8.32 1280 1330 |13.80
84 |CMC 8.44 928 1183 |12.68 14.38 2212|2298  |23.85
cCcC 524 577 7.35 7.88 8.93 1374|1428 |14.81
85 |CMC 901 991 1263|1364 15.35 2360  |2452  |2545
ccc 5.59 6.16 7.84 8.41 l9.54 1466|1523  |15.81
86 |CMC 957 1063 1341 14.38 16.31 2506|2604  [27.02
cCcc 594 6.54 8.33 8.93 10.13 1557|1617 |16.78
87 |CMC 1012 |11.14 17.25 2649  |27.53  |28.56
cCcc 6.29 6.92 10.71 1645 1710 |17.74
28 |CMC 1067  |11.74 1817 27.90  |28.99  [30.08
ccc 6.63 7.29 11.29 1733|1801 |18.68
89 |CMC 1121 12.33 19.08 2930  |30.44  [31.58
cCcc 6.96 7.66 11.85 1820 1891  |19.62
90 |CMC 1174|1292 1645  |17.63 19.99 3068  |31.88  [33.07
ccc 7.29 8.02 1022 1095 12.42 1906 |19.80 2054|2129




DEP BLM-Based Aquatic Life Copper Criteria Lookup Tables for Pennsylvania

TABLE C - Stream Order 7 to 9.

pH CMC (pg/L) |DOC (mg/L)
ccc (pg/L) 1.0 11 12 13 1.9 2.0 2.1 25 2.6 2.7 3.2 33 4.6
60 |CMC 031 0.33 0.36 0.38 053 0.56 058 0.68 0.70 0.73 0.85 0.88 121
-~ _lcce 0.19 021 0.22 024 033 034 0.36 0.42 044 045 0.53 0.55 0.75
61 |CMC 0.38 0.41 0.45 0.48 0.67 0.70 0.73 0.86 0.90 0.93 1.09 112 155
-~ _lcce 024 0.26 0.28 0.30 0.42 044 0.46 054 0.56 058 0.68 0.70 0.96
62 |CMC 0.47 051 055 0,59 0.64 0.68 0.92 109 113 A7 138 142 197
-~ _lcce 0.29 032 034 0.37 052 055 057 0.68 0.70 0.73 0.86 0.88 1.23
63 |CMC 058 0.63 0.68 0.73 1.05 110 115 1.36 141 147 173 178 2.48
-~ _lcce 0.36 0.39 042 0.46 0.65 0.68 072 0.85 0.88 091 1.08 111 1.54
64 |CMC 0.71 0.77 0.84 0.90 129 1.36 142 168 175 181 2.15 2.21 3.08
- _lcce 044 048 052 0.56 0.80 0.84 0.88 1.05 1.09 113 133 137 1.91
65 |CMC 0.86 0.94 .01 1.09 157 165 173 2.06 2.14 222 2.63 2.71 3.78
= _lcce 053 058 063 0.68 0.98 1.03 1.08 1.28 133 1.38 163 168 2.35
66 |CMC 1.03 112 1.22 1.31 1.90 1.99 2.09 2.48 2.58 2.68 3.47 3.27 4.57
-~ _lcce 064 0.70 0.76 0.82 1.18 1.24 1.30 154 1.60 1.66 197 2.03 2.84
67 |CMC 1.22 1.33 1.45 1.56 2.26 2.38 2.50 2.96 3.08 3.20 3.79 3.91 5.46
" _lcce 0.76 0.83 0.90 0.97 1.40 1.48 1.55 184 1.91 1.99 2.36 243 3.39
68 |CMC 143 1.57 .71 184 2.67 2.81 2.95 351 3.65 3.78 4.49 4.63 6.47
- _lcce 0.89 097 1.06 115 1.66 1.75 1.83 2.18 2.26 235 2.79 2.87 4.02
69 |CMC 1.67 1.83 1.99 2.16 3.13 3.29 3.46 411 4.27 4.44 5.26 5.43 7.59
-~ _lcce 1.04 114 1.24 1.34 1.94 2.04 2.15 255 265 2.76 3.27 3.37 4.71
70 |CMC 1.94 2.13 2.32 251 3.64 3.83 4.02 4.79 4.98 5.17 6.13 6.32 . 3 8.85
—lcce 1.21 1.32 1.44 1.56 2.26 238 250 2.97 3.09 3.21 3.81 3.93 4.05 4.17 4.29 4.41 4.53 5.25 5.49
71 |CMC 2.24 2.46 2.68 2.90 4.21 4.43 4.65 5.54 5.76 5.98 7.10 7.32 7.54 7.77 7.99 8.21 8.44 9.79 10.24
-~ lcce 1.39 1.53 1.66 1.80 262 275 2.89 3.44 3.58 3.72 4.41 4.55 4.68 4.82 4.96 5.10 5.24 6.08 6.36
72 |CMC 2.57 2.82 3.08 3.33 4.84 5.10 5.35 3 6.37 6.63 6.68 8.17 8.42 8.68 8.94 9.20 9.46 9.71 11.27 11.79
-~ _lcce 1.60 1.75 1.91 2.07 3.01 3.7 3.32 3.96 4.12 4.28 5.07 5.23 5.39 5.55 5.71 5.87 6.03 7.00 732
73 |CMC 2.94 3.23 352 3.81 555 5.84 6.13 1 7.30 7.59 7.88 9.35 9.65 9.94 1024 |1053  |10.83  [11.12 12.91 13.50
< _lcce 1.83 2.01 2.19 2.36 3.44 362 3.81 4.53 4.71 4.90 5.81 5.99 6.17 6.36 6.54 6.73 6.91 8.02 8.39
74 |CMC 3.35 3.68 4.01 4.33 6.32 6.65 6.98 8.31 8.65 8.98 1066  |[10.99  |11.33  [11.67  |1200  |12.34  |12.68 14.71 15.39 20.53
= _lcce 2.08 2.28 2.49 2.69 3.92 4.13 4.34 5.16 5.37 5.58 6.62 6.83 7.04 7.25 7.46 7.67 7.87 9.14 9.56 12.75
75 |CMC 3.79 4.17 4.54 4.91 7.16 7.54 7.92 9.43 9.81 10.18 1209|1247  |12.85 [13.23  |13.61  |14.00  |14.38 16.68 17.46 23.28
> _lcce 2.36 259 2.82 3.05 4.45 4.68 4.92 5.86 6.09 6.33 7.51 7.74 7.98 8.22 8.46 8.69 8.93 10.36 10.84 14.46
76 |CMC 4.28 4.70 5.12 5.54 8.08 851 8.93 1064|1107  |11.49 1364|1407  |1450 [14.93  |15.36  |15.79  |16.23 18.83 19.70 26.27
2 _lcce 2.66 2.92 3.18 3.44 5.02 5.28 555 6.61 6.87 7.14 8.47 8.74 9.01 9.27 9.54 9.81 10.08 1169 |11 12.23 16.31
77 |CMC 4.80 5.27 5.74 6.22 9.07 955 10.03 1194  [1242  [12.90 1531 |15.79  |1628  |16.76  |17.24  [17.73  |18.21 21.13 22.11 29.48
" lcce 2.98 3.27 357 3.86 563 593 6.23 7.42 771 8.01 9.51 9.81 10.11 10.41 10.71 11.01 1131 13.13 13.73 18.31
78 |CMC 5.36 5.88 6.41 6.94 1013|1066  |11.19 1333|1387  |14.40 17.00  |17.63  |18.17  |1871 [1925 [19.79  [20.33 2359 24.68 32.90
il (e} 3.33 3.65 3.98 4.31 6.29 6.62 6.95 8.28 8.61 8.95 1061 1095  |1128  [11.62  |11.96 1220 |1263 14.65 15.33 2043
79 |CMC 5.95 6.53 7.12 7.71 1124 |11.83  |1242 1480|1539  |15.99 17.77 1897  |1957  |20.16 2076  [21.36  |21.96  |22.56 26.17 27.38 36.50
=~ _lcce 3.69 4.06 4.42 4.79 6.98 7.35 7.72 9.19 9.56 9.93 11.04 1178|1215 [1252  |1290 |1327  [1364  |14.01 16.26 17.01 22,67
80 |CMC 6.56 7.20 7.85 8.50 1240|1306  |13.71 1632  |16.98  |17.64 19.61 2092|2158  |2224  |2290 |2356  |2423  |24.89 28.87 30.20
-~ _lcce 4.08 4.47 4.88 5.28 7.70 8.11 8.51 1044|1055  [1095 12.18 13.00  |13.41 1382 |1423  [1464 1505  |1546 17.93 18.76
81 |CMC 7.20 7.91 8.62 9.33 13.61 1433 |15.04 . 2 17.91 1863  |19.35 2151 2296|2368  |2440  |2513  |2585  |2657  |27.30 31.66 5 33.12
-~ lcce 4.47 4.91 535 5.80 8.45 8.90 9.34 9.79 1068 1113 [11.57  |12.02 13.36 1426 |14.71 15.16__ |15.61 16.06 _ |16.51 16.96 19.67 2057
82 |CMC 7.86 8.63 9.41 10.18 1485  |1563  |16.41 17.19 1876  |19.54 2032  |21.11 23.46 2504|2583  |26.61  |27.40 |28.19  |28.98  [29.77 34.53 . 36.12
-~ _lcce 4.88 5.36 5.84 6.33 9.22 9.71 1049|1068 1165|1214 [1262  [13.11 14.57 1555|1604  [1653  |17.02  |17.51 18.00  |18.49 2145 2243
83 |CMC 8.53 9.37 10.21 11.06 1612|1697  |17.81 18.66 2036|2121 |2206  |22.91 25.46 2717|2802 |28.88  |29.73  |3059  |31.44  |32.30 . 37.45 39.17
-~ _lcce 5.30 5.82 6.34 6.87 10.01 1054|1106 [11.59 1264|1317 [1370 1423 15.81 1687|1740  [17.04 1847  |19.00 |1953  [20.06 . R 23.26 24.33
84 |CMC 9.22 1013 [11.04  |11.95 17.41 1833|1924  |20.16 2199|2290  |2382  |24.74 27.50 2034|3026  |31.18  |3210  |33.03  |33.95 |34.87  |3580  |36. 40,43 42.29
-~ _lcce 573 6.29 6.86 7.42 1082|1138 [11.95 1252 1366|1423  [1480 1537 17.08 1822 1879 [1937 |1994 2051 |21.00 [2166  [20.04 . 25.11 26.27
85 |CMC 9.92 10.90 |11.88  |12.85 1873|1971  |2070  |21.68 2365  |2463  |2562  |26.60 2957 3154  [3253  |3352  |34.51 50  |3650  |37.49 2 y 43.46 45,45
= _lcce 6.16 6.77 7.38 7.98 1163|1224 [1285 1346 1469|1530  [1591 16.52 18.36 1959|2021 [2082 2144 2205 |2267  [2329 26.99 28.23
86 |CMC 1064 1168  |1273  |13.78 2007  |2142  |2217  |23.22 2533|2639  |27.44  |28.50 31.67 X 3378  [34.84 3590 |3696  [38.02  [39.08  |40.15 46,53 48.66
-~ _lcce 6.61 7.26 7.91 8.56 1247|1312 [1377 1443 1573|1639 [17.04  |17.70 19.67 2098 [2164 |2030 2206 |2362 [24.28 |24.94 28.90 30.22
87 |CMC 11.36 1248  [1359  |14.71 . 2143|2255  |2367  |24.79 27.04  |2816  |29.29  |30.41 33.79 2 |36.05 [37.18  |38.31 4057|4170  |42.84 49.64 51.91 69.02
" _lcce 7.06 775 8.44 9.14 13.31 1400|1470 [1540 1679|1749 [1819  |18.89 20.99 2239 [2309 2380 2450 |2520 [2500 2661 30.83 32.24 42.87
88 |CMC 1209 1328|1447  |1565 . 2279|2399  |2518  |26.37 2876|2996  |31.15  |32.35 35.94 3834|3954  |40.74  |41.94  |43.14  |4434  |4555 52.78 55.19 73.35
-~ _lcce 751 8.25 8.99 9.72 1416|1490 [1564  |16.38 17.86  |18.61 19.35  ]20.09 2232 2381 [2456 |2530 2605 |26.80 [27.54 |28.20 32.78 34.28 45.56
89 |CMC 1282|1408  |1534  |16.60 2417|2543 |2669  |27.96 3049  |31.75 |3302  |3429  |3556 . 38.09 4063  |4190  |4318  |4445 |4572  |4699  |4827 55.92 58.47 6358 |64.86  |66.15 |67.43  |68.71 77.69
~_lcce 7.97 8.75 953 10.31 15.01 1 1658 |17.36 1894|1972 [2051 2130 [22.08 23.66 2524 [2603 |26.82 2761 [2840 [2919 |20.98 34.73 36.32 3949 14020 4108  [4188 |42.68 26
90 |CMC 1355  |14.88  |16.21 17.54 2553 |26. 2820  |29.53 3220 |3354  |3488  |36.22 4023|4157  |4291  |44.23  |4557  |4692  |4826  |49.60  |50.95 59.02 61.72 .99 .35 § 86.
-~ lcce 8.41 9.24 1007 |10.89 1586|1668  [17.51 18.34 2000|2083 |2166  [2249 2499 [2582 2665 2747 |2831 [2914 2097 |30.1 31.64 36.66 38.33 5093  |51.77 5261  |5345
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