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Abstract: Studying the quality of freshwater systems and drinking water in highly urbanized mega-
lopolises around the world remains a challenge. This article reports data on the quality of select
freshwater systems in Mega Manila, Philippines. Water samples collected between 2020 and 2021
were analyzed for physico-chemical parameters and microbial community metabolic fingerprints,
i.e., carbon substrate utilization patterns (CSUPs). The detection of arsenic, lead, cadmium, mer-
cury, polyaromatic hydrocarbons (PAHs), and organochlorine pesticides (OCPs) was carried out
using standard chromatography- and spectroscopy-based protocols. Physiological profiles were
determined using the Biolog EcoPlate™ system. Eight samples were free of heavy metals, and none
contained PAHs or OCPs. Fourteen samples had high microbial activity, as indicated by average well
color development (AWCD) and community metabolic diversity (CMD) values. Community-level
physiological profiling (CLPP) revealed that (1) samples clustered as groups according to shared
CSUPs, and (2) microbial communities in non-drinking samples actively utilized all six substrate
classes compared to drinking samples. The data reported here can provide a baseline or a comparator
for prospective quality assessments of drinking water and freshwater sources in the region. Metabolic
fingerprinting using CSUPs is a simple and cheap phenotypic analysis of microbial communities and
their physiological activity in aquatic environments.

Keywords: drinking water; heavy metals; emerging pollutants; microbial communities; water quality

1. Summary

Twenty-nine (29) samples from water filtering stations, tributaries of Laguna Lake,
water supply reservoirs, water treatment plants, and groundwater sources in Mega Manila,
Philippines, were analyzed for their physico-chemical parameters and microbial commu-
nity physiological profiles. Water samples were collected in triplicate. Samples were stored
according to the requirements of analytical tests and immediately processed in the labora-
tory. Samples A–D were collected during the dry season of 2020 (December), while samples
E–G were collected during the dry season of 2021 (May). Samples H-T were collected
during the wet season of 2021 (June–July), while samples U–AC were collected in the
latter part of 2021, transitioning to the dry season of the following year (November). All
water samples were analyzed for temperature, pH, oxidation-reduction potential, absolute
conductivity, resistivity, total dissolved solids, salinity, pressure, dissolved oxygen, heavy
metal content (arsenic, lead, cadmium, and mercury), and organic content (polyaromatic
hydrocarbons and organochlorine pesticides). Data on the physical parameters of water
samples were taken in situ using a multiparameter meter. The physiological profiles of
microbial communities in water samples were determined using the Biolog EcoPlate™
system. These data are relevant because:
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(1) the physico-chemical parameters and physiological profiles of microbial communities
in freshwater systems are useful data when assessing water quality, which can inform
regulatory and monitoring policies and practices at the national and local levels.

(2) raw and analyzed data can be shared with key agencies in the Philippines, such as the
Department of Health (DOH), the Department of Environment and Natural Resources
(DENR), and the Laguna Lake Development Authority (LLDA). These government
agencies can use our reported data as a reference or as baseline information when
evaluating the outcomes of their respective national programs that use water quality
as a success metric. For example, LLDA can use our reported quality data to describe
whether there has been an improvement in the quality of water from Laguna Lake
tributaries, e.g., when comparisons are to be made between specific years.

(3) the raw data reported in this article can be used to compute a single aggregate value,
the water quality index (WQI). The WQI is a summary metric that indicates the
overall quality of water in a system. The suitability of a body of water as a source of
drinking water can be assessed using the weighted arithmetic WQI method, which
assigns a relative weight to each parameter considered for the computation of the
overall WQI [1].

(4) metabolic fingerprints, which can be determined using CLPP metrics such as standard-
ized absorbance (SA) and substrate average well color development (SAWCD), can serve
as in vitro measures of the biochemical activity of aquatic microbes. Phenotype-based
metabolic fingerprints of microbial communities in an environmental sample are use-
ful in informing strategies for implementing additional techniques and protocols, i.e.,
microcosm experiments [2], taxonomic profiling of microbial communities [3–5], ampli-
fication of target metabolic genes/functional profiling of microbial communities [6], and
isolation of potential bioactive species [7].

2. Data Description
2.1. Study Area

Mega Manila (Figure 1) includes Metro Manila and the surrounding sub-urban
provinces of Region III and Region IV-A [8]. Metro Manila is one of the three metropolitan
areas in the Philippines and is composed of 16 highly urbanized cities and a municipality.
The region covers an area of 239.22 sq mi and is home to a population of 13.5 million as of
2020 [9]. Sampling sites were coded (A–AC) following a non-disclosure agreement with
the collaborators involved in the research program.

Figure 1. Map of Mega Manila, Philippines (United States Geological Survey).
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2.2. Data on Physico-Chemical Parameters of Water Samples

The physical parameters of water samples are shown in Table 1, wherein the second
column contains data on the sample type, e.g., terminal circuit (TC) samples from water
filtering stations; Laguna Lake Tributary (LLT) samples from some of the major river
tributaries of the lake; before treatment plant (BTP) samples from earth dams, aqueducts,
and pre-treated water within treatment plants; after treatment plant (ATP) samples from
water pump stations/reservoirs and post-treated water within treatment plants; and deep
well (DW) samples from groundwater stored in select deep wells. Columns 3–11 contain
the recorded values for the nine physical parameters. The response variables were found
to have a multivariate non-normal distribution (Henze-Zirkler p value < 0.05); hence, a
non-parametric comparison of samples was performed. The p values (p = 0) indicate
statistical differences across sample types. Post hoc analysis using Dunn’s test of multiple
comparisons using rank sums was performed, and sample types with significant differences
(adjusted p < 0.05) are identified in Table 1.

Table 1. Data on physical parameters of water samples.

Sample
Code

Sample
Type

Temp.
[◦C] pH ORP

[mV]
EC

[µS/cm]
R

[KOhm-cm]
TDS
[ppt]

Sal.
[psu]

Press.
[psi]

DO
[ppm]

A TC 26.51 7.05 111.00 C 102.00 A 0.01 49.00 0.05 A 14.54 A 4.73

B TC 28.94 6.81 122.00 C 9.00 A 0.13 4.00 0.00 A 14.54 A 4.39

C TC 26.53 7.28 78.90 C 133.00 A 0.01 64.00 0.06 A 14.54 A 4.93

D TC 26.97 7.09 133.20 C 31.00 A 0.03 15.00 0.01 A 14.54 A 4.68

E LLT 29.61 6.67 −243.97 A,C 658.33 A 334.08 0.30 0.29 A 14.65 A 0.14

F LLT 29.50 7.19 −100.43 A,C 665.00 A 0.00 306.67 0.29 A 14.68 A 0.85

G LLT 32.10 7.09 −171.67 A,C 1181.00 A 0.00 520.00 0.51 A 14.63 A 1.53

H BTP 26.03 7.61 30.07 147.33 6.91 0.07 0.07 14.59 3.98

I BTP 26.22 7.48 16.97 147.33 6.93 0.07 0.07 14.59 5.67

J ATP 26.21 7.46 622.70 A,B 147.00 6.96 0.07 0.07 14.59 4.25

K ATP 26.43 7.48 636.83 A,B 147.00 6.98 0.07 0.07 14.62 7.14

L BTP 31.08 8.02 5.07 781.33 1.43 0.35 0.34 14.71 0.24

M BTP 31.29 7.70 2.93 790.00 1.42 0.35 0.34 14.73 0.25

N ATP 32.02 7.09 524.60 A,B 810.33 1.40 0.36 0.34 14.72 0.27

O ATP 26.99 8.05 466.77 A,B 147.67 7.03 0.07 0.07 14.69 0.23

P BTP 30.61 7.01 579.80 785.00 1.41 0.35 0.34 14.65 0.38

Q ATP 27.22 7.36 595.37 A,B 151.33 0.01 72.67 0.07 14.60 0.25

R LLT 30.34 7.25 −222.13 A,C 665.00 A 1.66 0.30 0.29 A 14.69 A 0.41

S LLT 29.06 6.91 −16.47 A,C 307.33 A 111.57 0.14 0.13 A 14.72 A 0.00

T LLT 30.96 7.45 23.10 A,C 681.67 A 1.64 0.31 0.29 A 14.71 A 0.01

U DW 29.36 7.04 −8.63 B 568.33 1.91 0.26 0.25 14.58 0.00

V DW 29.22 8.65 −70.30 B 551.00 1.96 0.26 0.24 14.64 0.00

W DW 29.46 7.04 −77.90 B 535.00 2.03 0.25 0.23 14.62 0.00

X DW 28.22 8.62 −87.17 B 564.33 1.90 0.27 0.25 14.66 0.00

Y DW 28.04 7.53 −91.90 B 465.00 2.28 0.22 0.21 14.63 0.00

Z DW 28.60 7.91 −59.77 B 402.67 2.66 0.19 0.18 14.69 0.00

AA BTP 26.12 8.05 −16.13 147.67 6.93 0.07 0.07 14.45 0.00

AB BTP 23.84 8.57 68.50 139.33 7.03 0.07 0.07 14.59 0.00

AC BTP 24.72 7.61 24.37 138.33 7.17 0.07 0.06 14.60 0.00

TC—terminal circuit; LLT—Laguna Lake tributary; BTP—before treatment plant; ATP—after treatment plant;
DW—deep well; Temp.—temperature; ORP—oxidation reduction potential; EC—absolute EC resolution;
R—resistivity; TDS—total dissolved solids; Sal.—salinity; Press.—pressure; DO—dissolved oxygen; For ORP,
significant differences (SD) were detected between ATP and LLT samples types, ATP and DW sample types, and
LLT and TC sample types (same superscript letters indicate SD per response variable); For EC, Sal., and Press., SD
were detected between LLT and TC sample types (same superscript letters indicate SD per response variable).
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In terms of the oxidation reduction potential, significant differences were found
between three groups of sample types: ATP vs. LLT, ATP vs. DW, and LLT vs. TC.
In terms of the absolute EC resolution, salinity, and pressure, significant differences were
found between the LLT and TC sample types.

The results of the chemical analyses are shown in Table 2, with the concentrations of
arsenic, lead, cadmium, and mercury shown in columns 2–5. Arsenic was detected in one
sample, while cadmium was detected in three samples. Lead was detected in 12 samples,
while mercury was detected in 19 samples. Eight water samples were found to be free of
heavy metals. None of the samples were found to contain PAHs or OCPs.

Table 2. Data on chemical parameters of water samples.

Sample
Code

Sample
Type

Arsenic
[mg/L]

Lead
[mg/L]

Cadmium
[mg/L]

Mercury
[mg/L] PAHs [ug/L] OCPs [ug/L]

A TC <MDL <MDL <MDL <MDL ND ND
B TC <MDL <MDL <MDL <MDL ND ND
C TC <MDL <MDL <MDL <MDL ND ND
D TC <MDL <MDL <MDL <MDL ND ND
E LLT <MDL 0.734 0.014 0.00018 <MDL <MDL
F LLT 0.008 0.22 0.012 0.0017 <MDL <MDL
G LLT <MDL 1.686 0.006 0.002 <MDL <MDL
H BTP <MDL 0.074 <MDL 0.0012 <MDL <MDL
I BTP <MDL 0.068 <MDL 0.0013 <MDL <MDL
J ATP <MDL 0.062 <MDL 0.0011 <MDL <MDL
K ATP <MDL 0.054 <MDL 0.0012 <MDL <MDL
L BTP <MDL 0.064 <MDL 0.0012 <MDL <MDL
M BTP <MDL 0.026 <MDL 0.0012 <MDL <MDL
N ATP <MDL 0.024 <MDL 0.0014 <MDL <MDL
O ATP <MDL <MDL <MDL <MDL <MDL <MDL
P BTP <MDL 0.001 <MDL <MDL <MDL <MDL
Q ATP <MDL 0.001 <MDL <MDL <MDL <MDL
R LLT <MDL <MDL <MDL <MDL <MDL <MDL
S LLT <MDL <MDL <MDL <MDL <MDL <MDL
T LLT <MDL <MDL <MDL <MDL <MDL <MDL
U DW <MDL <MDL <MDL 0.0002 <MDL <MDL
V DW <MDL <MDL <MDL 0.0003 <MDL <MDL
W DW <MDL <MDL <MDL 0.0002 <MDL <MDL
X DW <MDL <MDL <MDL 0.0004 <MDL <MDL
Y DW <MDL <MDL <MDL 0.0007 <MDL <MDL
Z DW <MDL <MDL <MDL 0.003 <MDL <MDL

AA BTP <MDL <MDL <MDL 0.0005 <MDL <MDL
AB BTP <MDL <MDL <MDL 0.0002 <MDL <MDL
AC BTP <MDL <MDL <MDL 0.0004 <MDL <MDL

Notes on detection limits: 1. Samples A–D (terminal circuit water): 0.01 mg/L for arsenic, lead, and mercury;
0.003 mg/L for cadmium; 0.001 ppm or 0.001 mg/L for PAHs and OCPs. 2. Samples E–AC (non-terminal
circuit water): 0.004 mg/L for arsenic; 0.001 mg/L for lead and cadmium; 0.0001 mg/L for mercury; 4 µg/L or
0.004 mg/L or 0.004 ppm for benzo(b)fluoranthene and benzo(k)fluoranthene; 2 µg/L or 0.002 mg/L or 0.002 ppm
for other analytes; 0.01 ug/L or 0.00001 mg/L or 0.00001 ppm for OCPs. 3. ND—not detected; MDL—minimum
detection limit; Cells highlighted in green indicate heavy metal concentrations that are below the MDL

2.3. Microbial Community Physiological Profiles

Data on microbial community physiological profiles included overall average well
color development (AWCD) and community metabolic diversity (CMD), which are shown
in Table 3. At the end of the three-day incubation, all LLT sample types (n = 6), five BTP
sample types, and three DW sample types had AWCD values that were greater than or equal
to 0.5. A total of 13 samples had CMD values that were greater than or equal to 15 utilized
substrates (six LLT sample types, five BTP sample types, and two DW sample types).
Since AWCD and CMD are multivariate non-normal (Henze-Zirkler p value < 0.05), a non-
parametric comparison of multivariate samples was performed. The p values (p < 0.05)
indicate statistical differences across sample types. A post hoc analysis using Dunn’s test of
multiple comparisons using rank sums was performed, and sample types with significant
differences (adjusted p < 0.05) are identified in Table 3.
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Table 3. AWCD and CMD values of microbial communities in water samples at 72 h post incubation.

Sample Code Sample Type AWCD CMD

A TC 0.01483870968 (0.01296822339) B 0 B

B TC 0.1164086022 (0.05841774577) B 5 B

C TC 0.0116344086 (0.005071941683) B 0 B

D TC 0.0008924731183 (0.001545808785) B 0 B

E LLT 1.82394623700 (0.0859611085) A,B 31 A,B

F LLT 1.734043011 (0.06011458304) A,B 30 A,B

G LLT 2.037892473 (0.08508079244) A,B 31 A,B

H BTP 1.119387097 (0.5999576216) 25

I BTP 1.143666667 (0.2180662634) 24

J ATP 0.008462365591 (0.003574148907) A 0 A

K ATP 0.01991397849 (0.01713581463) A 0 A

L BTP 1.797129032 (0.1438013863) 30

M BTP 1.67955914 (0.2894580503) 29

N ATP 0.008516129032 (0.006719673076) A 0 A

O ATP 0.005677419355 (0.005017451335) A 0 A

P BTP 0.02705376344 (0.02855444319) 0

Q ATP 0.01431182796 (0.009223794803) A 0 A

R LLT 1.879408602 (0.01568074879) A,B 31 A,B

S LLT 1.719462366 (0.1569285392) A,B 30 A,B

T LLT 1.553505376 (0.344758706) A,B 30 A,B

U DW 0.6966236559 (0.2111123366) 13

V DW 0.7065591398 (0.6286307092) 14

W DW 0.3399784946 (0.4529326825) 9

X DW 0.4320322581 (0.5781944527) 10

Y DW 1.102913978 (0.4458875064) 19

Z DW 0.4518602151 (0.06537119126) 16

AA BTP 0.2282043011 (0.2012599862) 9

AB BTP 0.8999032258 (0.1105057384) 18

AC BTP 0.2719892473 (0.1583313756) 10

AWCD—average well color development, reported values are expressed as mean (SD); CMD—community
metabolic diversity; Reported AWCD and CMD are mean values of three replicates per sample; For AWCD and
CMD, significant differences (SD) were detected between ATP and LLT sample types as well as LLT and TC
sample types (same superscript letters indicate SD per response variable).

For both AWCD and CMD, significant differences were found between two groups of
sample types, i.e., ATP vs. LLT and LLT vs. TC.

In the heatmap (Figure 2), four clusters are evident. The first cluster (the leftmost
portion of the heatmap) comprises one terminal circuit (TC) sample (c), four after treatment
plant (ATP) samples (j, k, n, and q), and two deep well (DW) samples (w and x). Laguna
Lake Tributary (LLT) samples (e, f, g, r, s, and t), together with four before treatment plant
(BTP) samples (l, m, ab, and ac), and two deep well (DW) samples (u and v), clustered as
one group. The third cluster is composed of one terminal circuit (TC) sample (b), two before
treatment plant (BTP) samples (h and i), and two deep well (DW) samples (y and z). The
cluster at the rightmost portion of the heatmap is made up of two before treatment plant
(BTP) samples (p and aa), one after treatment plant (ATP) sample (o), and two terminal
circuit (TC) samples (a and d).
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Figure 2. Metabolic fingerprints of microbial communities in all water samples for 31 carbon-
containing substrates.

In general, samples in the first cluster demonstrated utilization patterns ranging from
very low to very high for most of the carbon-containing substrates. On the other hand,
samples in the second cluster showed moderate utilization of the substrates, particularly
the LLT samples. In the third cluster, moderately high to high utilization can be seen for 27
of the 31 substrates (D-xylose to L-phenylalanine). In the last cluster, five samples showed
no utilization for all substrates. Considering the sample type, significant differences
were detected in 7 out of the 31 tested substrates. For pyruvic acid methyl ester, DW
samples differed when compared with ATP, BTP, and TC samples. For alpha-D-lactose,
LLT samples differed when compared to ATP and TC samples. For D-xylose, BTP and ATP
samples differed significantly. For i-erythritol, LLT samples differed when compared to
BTP and TC samples. For L-asparagine, ATP and DW samples differed significantly. For
L–phenylalanine, LLT and BTP samples differed significantly. Lastly, for putrescine, ATP
samples differed when compared with DW and LLT samples.

Overall, there was active utilization of all substrate classes by the microbial communi-
ties in the samples that were grouped in the first cluster (Figure 3). This cluster includes
all LLT samples (e, f, g, r, s, and t) and two BTP samples (l and m). It is worth noting
that the moderately high to high utilization rates obtained by the LLT samples may be
attributable to the diversity of microbial communities in the samples, as these are untreated
freshwater from some of the major river tributaries of the Laguna Lake. The second cluster,
composed of all DW samples (u, v, w, x, y, and z) and three BTP samples (h, i, and ab),
had low to moderate utilization of all substrate classes but mostly made use of polymers,
carbohydrates, carboxylic and acetic acids, as well as amino acids. The third cluster of
samples showed utilization rates ranging from none to low for the same substrate classes
compared to the samples in the first and second clusters. Within the third cluster (one BTP
sample (p), three TC samples (a, c, and d), and five ATP samples (j, k, n, o, and q)), nine
samples showed no utilization of any of the substrate classes, while the remaining three
samples (one TC sample (b) and two BTP samples (ac and aa)) showed very low to low
utilization of all substrate classes except phenolic compounds. Taking into account the
sample type, significant differences were detected in all substrate classes. For polymers,
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LLT samples significantly differed compared to ATP samples (p = 0.0010) and TC samples
(p = 0.0012). For carbohydrates, LLT samples significantly differed from ATP samples
(p = 0.0002) and TC samples (p = 0.0014). Another statistically different group pairing for
the carbohydrate substrate class was the BTP and ATP samples (p = 0.0147). For carboxylic
and acetic acids, LLT samples significantly differed from ATP samples (p = 0.0002) and
TC samples (p = 0.0023). For amino acids, LLT samples significantly differed from ATP
samples (p = 0.0001) and TC samples (p = 0.0016). For amines and amides, LLT samples
significantly differed from ATP samples (p = 0.0002) and TC samples (p = 0.0031). Lastly,
for phenolic compounds, LLT samples significantly differed from ATP samples (p = 0.0010)
and TC (p = 0.0063) samples.

Figure 3. Metabolic fingerprints of microbial communities in all water samples for 6 substrate classes.

The clustering of the samples based on shared CSUPs and the detected significant
differences in the standardized absorbances for specific substrates suggest that metabolic
fingerprint data are useful for describing the functional potential of microbial communi-
ties in water samples. The functional activity of aquatic microbial communities has been
reported to be associated with water resource type and pollution level [10,11]. Therefore,
metabolic fingerprints, expressed as substrate utilization (phenotype-based outputs re-
flecting microbial community activity), are informative data that must be considered as
potential biological indicators of water quality. Microbial community activity in aquatic
environments is influenced by water quality, as microbes play an important role in the
biogeochemical cycling of nutrients and organic matter in these environments. Different
physical, chemical, and biological factors affect how microbial communities interact with
one another and with water as their matrix. The usual quality parameters that impact
microbial community activity include pH, temperature, dissolved oxygen, and concen-
trations of nutrients such as nitrogen and phosphorus. Thus, investigating the metabolic
activity of microbial communities can aid in assessing the quality of water in freshwater
resources. Our findings support the utility of metabolic fingerprinting as a relatively easy
and cheap method for analyzing the physiological responses of microbial communities
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in water. Microbial community level physiological profiles may be water resource-type-
specific and, when combined with data on community functional richness (i.e., CMD) and
overall metabolic rates (i.e., AWCD), are demonstrated to be concordant. Additionally,
metabolic fingerprint data can serve as a phenotype-based supplement to support the
results of DNA-based taxonomic and functional profiling.

3. Methods

Water samples from different source types were collected in triplicate. Five general
source types were sampled, i.e., (1) TC for drinking water refilling stations; (2) LLT for
Laguna Lake river tributaries; (3) BTP for earth dams, aqueducts, and pre-treatment water;
(4) ATP for post-treatment water, water pump stations, and post-treatment water reservoirs;
and (5) DW for groundwater sources (deep wells). All necessary permits from governing
agencies were secured prior to sampling. Sampling was conducted from December 2020 to
November 2021. All samples were analyzed for physical parameters, chemical composition,
and physiological profiles of microbial communities. A multiparameter meter (HI-98194
multiparameter meter, Hanna Instruments, Woonsocket, RI, USA,) was used according
to the manufacturer’s instruction [12] to carry out an in situ measurement of physical
parameters reported in Table 1. The distribution of the physical parameter data was
assessed using Henze-Zirkler’s test for multivariate normality. The test for multivariate
normality was performed in RStudio (version 2022.07.2) using the MVN package. A
non-parametric comparison of multivariate samples was conducted to test for statistical
differences across all sample types using the physical parameters reported in Table 1.
The non-parametric comparison was performed in RStudio (version 2022.07.2) using the
nonpartest function of the npmv package with the permreps argument set to 1000. In order
to identify which sample types significantly differ, a post hoc analysis was conducted using
Dunn’s test. Post hoc analysis was performed in RStudio (version 2022.07.2) using the
dunn.test package with p values adjusted following the Benjamini-Hochberg correction in
order to minimize false discovery rates.

Arsenic was tested in the samples via the 3114 B: Manual Hydride Generation/AAS
method [13], while mercury was tested using inductively coupled plasma-optical emis-
sion spectroscopy (ICP-OES) [14]. Lead and cadmium were tested in the samples via
3111-B: Direct Air-Acetylene Flame method [15]. Maximum allowable limits set for
drinking water as per the Philippine National Standards for Drinking Water of 2017
are 0.01 mg/L for arsenic and lead, 0.001 mg/L for mercury, and 0.003 mg/L for cad-
mium. Gas chromatography–mass spectrometry and gas chromatography–electron-capture
detector methods [15,16] were used to analyze the samples for the presence of polyaro-
matic hydrocarbons namely acenaphthene, acenaphthylene, anthracene, benz(a)anthracene,
benzo(a)pyrene, benzo(k)fluoranthene, benzo(g,h,i)perylene, benzo(b)fluoranthene, chry-
sene, dibenz(a,h)anthracene, fluoranthene, fluorene, indeno(1,2,3-cd), pyrene, napthalene,
phenanthrene, pyrene, 1-methylnaphthalene, and 2-methylnaphthalene. The same methods
were used to detect organochlorine pesticides, namely, a-BHC, g-BHC, b-BHC, heptachlor,
d-BHC, aldrin, heptachlor epoxide, g-chlordane, a-chlordane, endosulfan I, 4,4′-DDE,
dieldrin, endrin, 4,4′-DDD, endosulfan II, 4,4′-DDT, endrin, aldehyde, endosulfan sulfate,
methoxychlor, endrin ketone, 2,6-Di-tert-butyl-p-cresol, aldrin and dieldrin (combined),
chlordane, lindane, total organochlorine pesticides, and toxaphene.

Microbial community analysis was carried out using Biolog EcoPlates according to the
manufacturer’s instructions [17]. A total of 100 µL inoculum from the membrane-filtered
water samples was transferred to each well of an EcoPlate. The plates were covered with
foil and placed inside sterile plastic containers with moist paper towels. Incubation of
the plates took place in a dark room at ambient temperature. Optical density (OD) at
590 nm was measured after three days. Two metrics of community metabolic activity
were measured for all samples, average well color development (AWCD) and community
metabolic diversity (CMD). AWCD refers to the average respiration of carbon substrates
by the microbial communities, calculated as the average of the mean difference between
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the optical density (OD) of the carbon substrate-containing wells and the control well.
CMD refers to the number of substrates utilized by the microbial community (analogous
to community functional richness), calculated by adding the frequencies of metabolized
carbon substrates (wells with corrected absorbances greater than 0.25). From the absorbance
data, the AWCD was calculated using the following equation:

AWCD =
∑N

i=1 ODi

N
(1)

wherein the average of blank-corrected absorbance values (ODi) was taken over the 31
substrates (N). Negative AWCD values that indicate very little response were coded as
zeros prior to heatmap analysis [18]. The distribution of the CLPP metrics data was assessed
using Henze-Zirkler’s test for multivariate normality. The test for multivariate normality
was performed in RStudio (version 2022.07.2) using the MVN package. A non-parametric
comparison of multivariate samples was conducted to test for statistical differences across
all sample types using the CLPP metrics parameters reported in Table 3. The non-parametric
comparison was performed in RStudio (version 2022.07.2) using the nonpartest function
of the npmv package with the permreps argument set to 1000. In order to identify which
sample types significantly differ, a post hoc analysis was conducted using Dunn’s test. Post
hoc analysis was performed in RStudio (version 2022.07.2) using the dunn.test package,
with p values adjusted following the Benjamini-Hochberg correction in order to minimize
false discovery rates.

The substrates can be further subdivided into classes, as outlined by Sala et al.
(2010) [19]. Standardized absorbances (SA) for each well with a specific carbon-containing
substrate were computed using the following formula:

SA =
Ak − Ao

AWCD
(2)

wherein Ak represents the absorbance reading for a specific well and Ao is the absorbance
reading of the blank well. The difference between the values was then divided by the
AWCD for the 72-h time point. Negative SA values indicate very little response and were
coded as zeros prior to heatmap analysis. For each substrate class, the substrate average
well color development (SAWCD) can be calculated using the following formula [2,20]:

SAWCD =
∑N

i=1 ODi

N
(3)

wherein the average of blank-corrected absorbance values (ODi) was taken over the total
number of substrates (N) for each class. Negative SAWCD values indicate very little
response and were coded as zeros prior to heatmap analysis. SA and SAWCD were used
for heatmap analysis to determine and compare substrate utilization patterns. Substrate
classification was used to visualize the primary carbon source metabolism. Heatmap
analysis was conducted in RStudio (version 2022.07.2) using a hierarchical clustering
method implemented through the ComplexHeatmap package. SA and SAWCD were also
analyzed for significant differences, using sample type as the independent variable. The
distribution of the SA and SAWCD datasets was assessed using the Henze-Zirkler’s test
for multivariate normality. The test for multivariate normality was performed in RStudio
(version 2022.07.2) using the MVN package. A non-parametric comparison of multivariate
samples was conducted to test for statistical differences across all sample types using
the SA and SAWCD data reported in the Supplementary Materials. The non-parametric
comparison was performed in RStudio (version 2022.07.2) using the nonpartest function of
the npmv package with the permreps argument set to 1000. To identify which sample types
significantly differ, a post hoc analysis was conducted using Dunn’s test. Post hoc analysis
was performed in RStudio (version 2022.07.2) using the dunn.test package, with p values
adjusted following the Benjamini-Hochberg correction to minimize false discovery rates.
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Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/data8060103/s1.
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