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Abstract: The effect of gold nanoparticles (AuNPs) and ciprofloxacin on the catabolism of microbial communities
was assessed. This was accomplished through an ex-situ methodology designed to give a priori knowledge on the
potential for NPs, or other emerging contaminants, to affect the catabolic capabilities of microbial communities in
the environment. Microbial communities from a variety of sources were incubated with 31 pre-specified carbon
sources and either National Institute of Standards and Technology (NIST) reference material 10 nm AuNPs, or
ciprofloxacin on 96 well microtiter plates. From the ciprofloxacin study, dose response curves were generated and
exemplified how this method can be used to assess the effect of a toxicant on overall catabolic capabilities of
microbial communities. When adding 10 nm AuNPs at concentrations ranging from 0.01 to 0.5 pg/mL, rhizosphere
communities from Typha roots were only slightly catabolically inhibited at a single concentration (0.05 pg/mL), no
effects were seen on wetland water communities, and a minor positive (i.e. enhanced catabolic capabilities) effect
was observed for loamy soil communities. This positive effect may have been due to a thin layer of citrate found
on these AuNPs which initiated co-metabolism with some of the carbon sources studied. Based upon the conditions
considered the possible adverse effects of AuNPs on the catabolic capabilities of microbial communities appears to

be minimal.
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INTRODUCTION

Nanoparticles (NPs) such as gold nanoparticles (AuNPs) have a wide range of potential applications with
one of the more popular being biomedical devices [1,2]. The size range of NPs gives them enhanced catalytic,
physical strength, thermal, and optical properties when compared to their micro-scale counterparts with the same
elemental composition. However, the expected release of NPs into the environment may pose a risk. As such,
substantial research has been conducted in recent years to assess the ecotoxicity of carbonaceous, metal, and metal
oxide nanoparticles [3,4,5]. Of recent interest are the ecotoxicological effects of NPs on environmental microbial
communities, which play key roles in ecosystem function including primary production, nutrient cycling and waste
decomposition.

It is the community as a whole and the complexities surrounding their interactions which provide
ecosystem services. Some of the earlier work regarding toxicological effects of nanoparticles on microbial life
were completed using single bacterial species [6,7,8,9,10,11]. Other research has investigated the effects of
different NPs on microbial communities using a mixture of respiration, enzymatic activity, enumeration or
community structure endpoints [12,13,14,15,16,17,18]. However, no studies have yet been conducted on the
catabolic characteristics and overall catabolic functions of microbial communities, which are one of their most
important functions. Commercially available plates, such as the BIOLOG™ ECO plate [19], are available for
assessing a community’s ability to utilize a variety of different carbon sources [20]. Some recent studies have used
these plates to investigate pollution induced tolerance of environmental microbial communities [21,22] or the
effect of a perturbation event on microbial communities [23,24,25,26]. This type of microtiter plate system,
however, has not been used as an ex-situ vessel for assessing a priori the effects of chemicals or materials on the
catabolic capabilities of microbial communities of any type. In order for any one carbon source in a well on the
BIOLOG™ ECO plate to be utilised, the community as a whole needs to be able to utilize that carbon source. This
can come from a single species or group directly metabolising the carbon source or from a cooperative or
synergistic catabolic utilisation where exoenzymes are expressed and/or metabolites created and utilised. This
sequence of catabolic and metabolic events is one way in which microbial community function can be described.

Thus, one of the primary advantages to this type of method is that a whole community response is better



represented and understood, and is more typical of community and biofilm behaviour, predominant in natural
settings.

The objective of this study was to develop, test, and utilize an ex-situ method to assess the effects NPs may
have on the overall catabolic capabilities and function of naturally occurring microbial communities. The proposed
microtiter approach was used to produce a number of dose-response curves. First, the broad spectrum antibiotic
ciprofloxacin was used to evaluate the catabolic inhibitory effects of the antibiotic on both antibiotic-resistant and
non-resistant microbial communities from laboratory mesocosm wetlands. This is an important topic itself given
that antibiotic residues have been detected in the final effluents of wastewater treatment plants (WWTPs)
worldwide and are themselves emerging contaminants that may have significant environmental impacts [27,28].
This type of ex-situ a-priori study has never before been done assessing the effects of ciprofloxacin on the overall
catabolic function of microbial communities. Second, the catabolic inhibitory effects of National Institute of
Standards and Technology (NIST) reference material 10 nm nominal AuNPs on microbial communities from both
wetland and soil environments were assessed utilizing this new approach. This investigation provides the first data
of this type on the impacts of NPs on the catabolic capabilities of microbial communities.

MATERIALS AND METHODS
Experimental design

Two experimental regimes are described. First, an experiment assessing the effects of ciprofloxacin on both
antibiotic resistant and non-resistant microbial communities is presented to help introduce the conceptual usage of
the methodology. Second, the effect of AuNPs on several different naturally occurring communities is described.

Ciprofloxacin study. Eight different mesocosm wetlands (MW1 through MWS8) were sampled to gather
representative interstitial water samples containing mixed microbial communities. The types of mesocosms used
have been previously described in Weber et al. [26]. The 4 mesocosm wetlands MW1, MW2, MW3, MW4 all
contained microbial communities that had demonstrated antibiotic tolerance, while the 4 mesocosm wetlands
MWS5, MW6, MW7, and MWS did not contain induced antibiotic resistant microbial communities [29]. These 8
different MW microbial communities were exposed to 0, 0.5 pug/mL, 1.0 pg/mL, or 2.0 pg/mL ciprofloxacin in
triplicate in BIOLOG™ ECO plates and their catabolic profile and function quantified. Concentrations were

chosen based on previous studies where non-antibiotic resistant environmental communities exhibited an EC50 of



0.56 pg/mL with reductions in activity or growth recorded at concentrations as high as 2 pg/mL [26,30,31]. The
carbon sources contained in the wells of BIOLOG™ ECO plates are listed in Table 1, and general groupings of the
carbon sources are also provided to reveal the general diversity of carbon sources on any one plate.

Gold nanoparticle study. Experiments were also designed to elucidate the effects of AuNPs on the catabolic
capabilities of naturally occurring microbial communities. AuNPs were National Institute of Standards and
Technology (NIST) 10 nm reference material (RM) nanoparticles [32]. Three different microbial community types
were used for the assessment: communities detached from wetland residing Typha roots, communities detached
from a loamy soil, and communities residing in wetland water from an area predominately composed of Typha. All
3 community types were gathered from the Kingston area near the Royal Military College of Canada (RMCC)
(latitude, longitude: 44.234,-76.465) in August, 2011. A local wetland dominated by Typha was used to gather root
samples and free water samples. Loamy soil was taken from 10 cm below a local RMCC garden bed. These three
different microbial community types were chosen to demonstrate the suitability of this method for different
microbial community types. Each sample was taken in triplicate and processed in triplicate throughout the study.
All three different microbial composite communities were exposed to 0, 0.01, 0.05, 0.1, or 0.5 pg/mL AuNPs, and
their catabolic capabilities assessed. These concentrations were selected based upon the highest AuNP that could
be readily utilized based on the concentration in the RM (51.56 pg/mL).

Aggregation of the AuNPs in phosphate buffer was tested under conditions similar to the microbial
community experiments using dynamic light scattering (DLS, NICOMP 380 ZLS; Particle Sizing Systems, Santa
Barbara, CA). Each sample was tested three times with each run lasting 2 min. Four samples were tested at 0 and
24 h. The uncertainty of size distribution by DLS represented as standard deviations and propagation of errors was
used to combine uncertainties from each individual measurement and the uncertainty from combining the
individual measurements. When a single sample was tested twice with two sets of three runs, the initial size was
(14.5 £ 5.7) nm and (15.1 £ 5.5) nm, thus indicating good instrument reproducibility despite the high standard
deviations which were mainly from uncertainty from the individual measurements. Additional methodology details
can be found in the supplemental data.

AuNP solutions were analyzed for Au concentrations by inductively coupled plasma-mass spectrometry

(ICP-MS) on a quadrupole ICP-MS instrument (Elan DRC II, PerkinElmer, Canada), equipped with a concentric



nebulizer and a cyclonic spray chamber. AuNP concentrations were quantified at times Oh and 24h in the same
phosphate buffer solution used in the toxicity experiments (exposures run in additional plates for the sole purpose
of sampling for AuNP concentration). Additional methodology details are provided in the supplemental data.
Assessment of the catabolic capabilities of microbial communities

Assessment of the catabolic capabilities was performed using BIOLOG™ plates. In general BIOLOG™
plates are 96-well microtiter plates where each well contains a different carbon source and a redox dye indicator,
tetrazolium violet. When a mixed microbial community sample is inoculated into each of the wells, the production
of nicotinamide adenine dinucleotide (NADH) via cell respiration reduces the tetrazolium dye to formazan,
resulting in a colour change within each individual well, which can be detected photometrically. This study
specifically used BIOLOG™ ECO plates (Biolog Inc., Hayward CA., USA) which contain 31 different carbon
sources, and a blank in triplicate. The plate wells were inoculated with 140 pL of a suspended microbial
community sample and then incubated at room temperature and read at an absorbance of 590 nm every 6 hours for
96 hours. Where microbial community detachment was required (root samples and soil samples), the methods
outlined in Weber and Legge [31] were followed using a slow shaking method in phosphate buffer prepared to
10mM with a pH of 7 and 8.5 g/L NaCl.

Analysis of the catabolic data was performed in a similar manner as described by Weber and Legge [20]
and Weber et al. [33]. For the ciprofloxacin study (MW 1-8 samples) absorbance readings at 84 h were identified as
the metric for further data analysis while absorbance after 24 h was used for the AuNP study (Typha roots, soil,
wetland water) (see Weber and Legge [20] for a detailed explanation of metric choices). In short, when choosing a
specific time point for further analysis a balance is needed between the amount of information contained in a
specific data set from any one time point (which can be measured by calculating the amount of variation between
all absorbance values) and the number of absorbance values within the linear range of the instrument. As
incubation time progresses the amount of information in the data set from any one time point increases. This
concept can be demonstrated by considering the incubation time at zero minutes where the data set contains no
useful information as all absorbance values read the same value. However, after the incubation time period
progresses past a certain point some absorbance values for specific carbon sources (wells) will also fall outside of

the linear absorbance range (absorbance values above 2 are considered to fall outside the linear range). Therefore



when choosing a time point for further analysis, careful examination of all data collected is required before
deciding on which exact time point is to be used for further data analysis. While data was also collected for other
time points in this study, the values for some of these data sets included absorbance values which extended beyond
the linear range. Thus, only the 24 h data for the AuNPs was utilized because data after longer time periods was
outside of the linear range. For the ciprofloxacin experiment, the communities were still in the lag phase after 24 h,
and therefore data from 84 h was used. This data set represents a carbon source utilisation pattern which is unique
to the microbial community being assessed on a plate.

Two different metrics were extracted from the carbon source utilisation patterns (CSUPs) gathered and used
for further analysis: 1) The average well colour development (AWCD), and 2) the number of carbon sources
utilised (substrate richness). The AWCD represents the average catabolic activity over all wells of the microbial

community being assessed, and is calculated as:

AWCDZ%ZI:(A—A()) (1)

i=1

Where A; represents the absorbance reading of well i and Ay is the absorbance reading of the blank well
(inoculated, but without a carbon source).

The number of carbon sources which a microbial community is able to utilize on each plate provides a
representation of the catabolic potential of a particular community. This can also be referred to as substrate
richness which is calculated as the number of wells with a corrected absorbance (Ai — A,) greater than 0.25 [20].
Where the AWCD represents overall catabolic activity, the substrate richness metric identifies the catabolic
capability range of the microbial community assessed.

RESULTS AND DISCUSSION
Assessing the catabolic capabilities of microbial communities during exposure to Ciprofloxacin

The ciprofloxacin study was performed to evaluate the effect of ciprofloxacin on the catabolic capabilities

of microbial communities, but also serves as a good demonstration for the type of data which can be gathered using

this methodology (see Figure 1). Figure 1A and Figure 1B present data which represent standard dose-response



curves. Both the overall catabolic activity (AWCD) and the number of carbon sources utilised (richness) for the
antibiotic resistant microbial populations decreased with increasing doses of ciprofloxacin. At a concentration of
0.5 pg/mL a community level catabolic inhibitory effect is seen, with 1 pg/mL and 2 pg/mL exhibiting even
greater (yet similar to each other) inhibitory effects. For the antibiotic resistant microbial communities a minimum
AWCD between 0.2 and 0.4, and a minimum richness between 7 and 14, out of 31, at 1 pg/mL and 2 pg/mL is
observed. Figure 1C and 1D present the same type of data for non-antibiotic resistant microbial populations, here it
can be seen that a sharp drop-off in AWCD and richness occurs at 0.5 ug/mL. At concentrations of 0.5 pg/mL, 1
pg/mL and 2 pg/mL, AWCDs are between 0 and 0.2, and richness values are between 0 and 8. This data indicates
the antibiotic resistant community’s ability to stay catabolically active in the presence of higher concentrations of
the antibiotic ciprofloxacin, when compared to the non-antibiotic resistant community.

In addition to the AWCD and richness metrics presented as dose-response curves, carbon source specific
dose-response curves can also be visualised. Figure 2 presents the carbon source specific data for MW?2 (antibiotic
resistant). Figures 1A and 1B presented general metrics to describe the effect of ciprofloxacin on the catabolic
capabilities of the MW2 microbial community as a whole. Figure 2 gives explicit detail regarding the community’s
ability to utilise each individual carbon source. It can be seen from Figure 2 that the dose-response curves for the
each individual carbon source is unique.

Figure S1 displays the data where carbon sources are grouped into guilds as described in Table 1. The
average guild response as displayed here is calculated in the same way as AWCD, but using only the specific
carbon sources from the different guilds. This type of analysis allows for rapid investigations to understand if one
general type of catabolic function is either being hindered or removed, while others are perhaps not affected. In this
case the responses for the carbon source guilds were all similar as shown in Figure S1.

Assessing the catabolic capabilities of microbial communities during exposure to gold nanoparticles

Naturally occurring microbial communities were gathered from wetland Typha roots, soil, and wetland
water and their catabolic capabilities assessed at varying AuNP doses (see Figure 3). Under the conditions tested,
the effect of AuNPs on the catabolic capabilities of environmental communities was minimal. The first
observation to be noted is the general lack of a visually noticeable effect of AuNP dose on the catabolic responses

of any of the composite communities. Figure 3A shows the AWCD of the Typha root community and the wetland



water community to be largely unaffected by the AuNPs, whereas the soil community is in fact positively
influenced by an increasing AuNPs dosage. Similar results are visually seen in Figure 3B when observing the
substrate richness results, although in this case the Typha root community may be affected negatively to a small
degree.

One important factor which needs to be considered in performing NP studies is the stability of the NP in
solution and the relative size of the suspended NPs during the course of the experiments. Using DLS there did
appear to be agglomeration of the AuNPs in the phosphate buffer solution during a 24 h period, the length of the
toxicity experiment with the microbial community. However, it was not straightforward to unambiguously
quantify the extent of agglomeration using the DLS software. When fitting the data with a Gaussian distribution as
is most common with DLS software and using the intensity-weighted size distribution, the size increased from
(14.7 £ 5.5) nm to (19.7 = 12.5) nm (n=12 runs) after 24 h (see the Supplementary Material for additional
discussion). ICP-MS was also used to measure the concentration of Au in solution during the 24h exposure period.
Results showed a decrease of less than 1% of the Au in solution over the 24h exposure period (pooled results from
3 separate exposure experiments). These results indicate that aggregation was relatively minor and is not expected
to have substantially impacted the results obtained. Thus, it can be said that the microbial communities were in
contact with AuNPs for the duration of the study.

Table 2 summarizes minimum community level catabolic effect concentration (MCLCEC) results. The
MCLCEC is a metric presented here to assist in extracting simple data from such a complicated data set. The
MCLCEC is defined here as the minimum tested concentration of a material which creates a statistically significant
reduction in the catabolic capabilities of a microbial community, and are reported here to semi-quantify the effects
of AuNPs on the catabolic capabilities of the communities studied herein. As stated by Jager [34] use of ECx (the
concentration showing x% effect) values are perhaps more useful for extrapolating ecotoxicological results to
policy. In this case the effect of AuNPs on the catabolic capabilities of the selected microbial communities was
quite small, and therefore EC50 values were not calculated as they would either 1) be outside of the
environmentally relevant range of concentrations tested here, or 2) be non-existent given the data trend reported

here (plateau).



The general lack of a negative response to AuNPs was similar to results previously obtained using these
same AuNPs when testing their cytotoxic and genotoxic effects on HepG2 cells and calf-thymus DNA [35]. It is
noteworthy that substantial differences in toxicological responses to NPs have been observed for different cell lines
and bacteria. In particular, a recent review showed that median minimal inhibitory concentrations varied by over an
order of magnitude between cells and bacteria, and thus a lack of an effect on an individual cell line does not
conclusively indicate that they won’t be toxic to a bacterial community [36]. In this study, a decrease in the
richness was observed for the Typha roots sample at a dose of 0.05 ug/mL. However, a dose-response behavior
was not observed because the two higher concentrations were not significantly different from the control.
Therefore, this very small inhibitive effect is only reported here as a preliminary result. To report this result with
confidence, additional investigation is required using a broader range of conditions (e.g. different water
chemistries).

The positive response seen by the soil community can perhaps be attributed to both the microbial
community type and the very small amount of citrate coating found on the outside of NIST reference AuNPs.
Richness for soil communities was shown to increase from 16 to 19 given the increasing dosage of AuNPs. The
specific carbon sources which were additionally utilised given the AuNP dose were D-glucosaminic acid, 2-
Hydroxy benzoic acid (salicyclic acid), and Itaconic acid; these compounds are all classified as carboxylic & acetic
acids (see Table 1). Citrate is a key compound in the Kreb’s cycle and a readily metabolised carbon source for
many microorganisms. It is suggested that perhaps the very small amount of added citrate in these 3 wells allowed
for a co-metabolism to occur by a specific species or group of microorganisms and possible subsequent synergistic
metabolite utilisation by additional microorganisms. It is also suggested that in comparison to the wetland water or
Typha root communities, the soil microbial communities were not hindered to any great degree by the 10 nm
AuNPs perhaps due to the adaptation to their original ecosystem environment which contains a wide range of
particle sizes with some (although by no means the majority) being in the nano-size range.

In contrast to many other methods which aim to understand effects of a chemical on growth rate or
viability, this method investigates effects on the catabolic function and capabilities of a community as a whole.
Single organism testing can be useful as a basis, but community testing, especially in the case of microbial

communities, is preferred for an assessment of environmental response due to the synergistic and cooperative



relationships between community components. This method has been developed and demonstrated here as a means
of understanding the effects of contaminants on the function of microorganisms at the community level. Given care
in sample preparation and characterizing the contaminant exposure over time in the plates, the method can provide
relevant information regarding the potential effects of contaminants on the functional abilities, in this case the
catabolic capabilities, of microbial communities. It is proposed that this method could be used as a means of
screening large numbers of contaminants for their effects on the functional capabilities of many different microbial
community types. Contaminants then identified as having a greater capacity for inducing a negative effect on a
microbial community could be studied in greater depth via more time, energy and material intensive meso-scale or
full-scale ecosystem exposure experiments.

As with all ecotoxicological testing, there are some limitations to this method. When completed ex-situ not
all factors present in the environment will be quantified or tested. Factors such as water pH, ionic strength,
background nutrient levels (when detaching communities into PBS or another buffer), or additional toxic
environmental compounds were not measured here. These types of factors could be varied within the carbon source
plates and factorial design type studies accomplished for more extensive testing. One of the more cited limitations
of this type of methodology is the reliance on media culturing, where media culturing has long been known to not
capture all microorganisms in a community. It should be added though that this limitation is cited with respect to
enumeration, and enumeration is not the goal of this methodology. It is true that some microorganisms in the
population may not contribute to the catabolic potential as measured; however, the focus here is on the large
diversity of carbon source substrates and the community’s ability to catabolically utilise the selected carbon
sources. The BIOLOG™ ECO plate was developed for the purpose of classifying and differentiating the
differences in carbon source utilisation patterns (CSUPs) of different soil microbial communities [19]. Therefore,
although the usefulness of this method may be observed and described here, the carbon sources themselves could
be re-chosen to represent more ecotoxicologically relevant catabolic transformations important to nutrient cycling,
carbon cycling, and waste decomposition in the environment. It should also be noted that this method does not
require, and is not suggested to, precondition microbial community cultures in any way before microtiter plate
inoculation. This method is being explored to assess the catabolic capabilities of the intrinsic environmental

community as accurately as possible. Additional work via analogous studies tracking structural shifts in the



microbial communities would also help in understanding the potential effects of emerging contaminants on
environmental microbial communities.
CONCLUSIONS

The concept behind this method, determining a priori the potential effects of NPs or chemicals on naturally
occurring microbial communities, differs from other methodologies where microbial communities from
environmental waters or soils are gathered and assessed as either control communities or stressed communities.
The method proved useful in generating dose-response type curves when evaluating the effect of an antibiotic on
microbial communities. The method can be used to report overall community-type catabolic capability metrics
such as overall average activity (AWCD) and substrate richness. Additionally, more detailed analysis can be
completed for each individual carbon source evaluated or for sets of carbon sources when discussed as guild
groupings. This method was used to successfully show the impact of emerging contaminants on the catabolic
activities of microbial communities. Ciprofloxacin showed distinctly different effects on microbial communities
that were and were not resistant to antibiotics. When used to evaluate the effect of AuNPs on environmental
microbial communities, only small inhibitory effects at the concentration of 0.05 pg/mL were seen for rhizospheric
communities from Typha roots, no effect was seen on wetland water communities, and a slight positive effect was
seen with soil communities. Under the conditions studied, it is suggested that the possible negative effect of AuNPs
on the catabolic capabilities of microbial communities is minimal. Thus, the NIST RM AuNPs may serve as a
potential NP negative control for future microbial toxicity studies. This was the first ex-situ a-priori study on the
impacts of NPs on the catabolic capabilities of microbial communities, and the methodology described here can

likely serve as a basis for rapid screening of the potential effects of NPs on this endpoint.
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Figure 1: Dose-response curves for microbial communities from 8 different mesocosm wetlands (MWs). (A)
Average well colour development (AWCD) and (B) the number of carbon sources utilized (richness) for antibiotic
resistant MW microbial communities over increasing ciprofloxacin dose. (C) AWCD and (D) the number of carbon
sources utilized (richness) for non-antibiotic resistant mesocosm wetland microbial communities over increasing
ciprofloxacin dose. Data points are the average of triplicate measurements and uncertainties indicate one standard

deviation.

Figure 2: Well colour development (corrected absorbance at 590nm) data (84h), given varying ciprofloxacin dose,
for all 31 carbon sources collected for an antibiotic resistant microbial community (mesocosm wetland 2— MW2).

Data points are the average of triplicate measurements and uncertainties indicate one standard deviation.

Figure 3: Dose-response curves for microbial communities from Typha roots, soil, and wetland water. Responses
represented by (A) average well colour development (AWCD) and (B) the number of carbon sources utilized
(richness) over increasing AuNP dose. Data points are the average of triplicate measurements and uncertainties

indicate one standard deviation.



Table 1: BIOLOG™ EcoPlate carbon sources and guild groupings

WellNo. ID C-Source Guild

Well 1 Co Water (Blank)

Well2 Cl Pyruvic Acid Methyl Ester Carbohydrate

Well3 C2 Tween 40 Polymers

Well4 C3 Tween 80 Polymers

Well5 C4 Alpha-Cyclodextrin Polymers

Well6 C5 Glycogen Polymers

Well7 Co6 D-Cellobiose Carbohydrates

Well8 C7 Alpha-D-Lactose Carbohydrates

Well9 C8 Beta-Methyl-D-Glucoside Carbohydrates

Welll0 C9 D-Xylose Carbohydrates

Wellll C10 i-Erythritol Carbohydrates

Well12 Cl1 D-Mannitol Carbohydrates

Welll3 Cl12 N-Acetyl-D-Glucosamine Carbohydrates

Well14 C13 D-Glucosaminic Acid Carboxylic & Acetic
Acids

Welll5 Cl14 Glucose-1-Phosphate Carbohydrate

Welll6 C15 D,L-alpha-Glycerol Phosphate = Carbohydrate

Welll7 Cl6 D-Galactonic Acid-Gamma- Carboxylic & Acetic

Lactone Acids

Well18 C17 D-Galacturonic Acid Carboxylic & Acetic
Acids

Well19 C18 2-Hydroxy Benzoic Acid Carboxylic & Acetic
Acids

Well20 C19 4-Hydroxy Benzoic Acid Carboxylic & Acetic



Well21

Well22

Well23

Well24

Well25

Well26

Well27

Well28

Well29

Well30

Well31

Well32

C20

C21

C22

C23

C24

C25

C26

C27

C28

C29

C30

C31

Gamma-Hydroxybutyric Acid

Itaconic Acid

Alpha-Ketobutyric Acid

D-Malic Acid

L-Arginine
L-Asparagine
L-Phenylalanine
L-Serine

L-Threonine
Glycyl-L-Glutamic Acid
Phenylethylamine

Putrescine

Acids

Carboxylic & Acetic
Acids

Carboxylic & Acetic
Acids

Carboxylic & Acetic
Acids

Carboxylic & Acetic
Acids

Amino acids

Amino acids

Amino acids

Amino acids

Amino acids

Amino acids
Amines/Amides

Amines/Amides




Table 2: Summary of AuNP does-response data and associated p-values from a one way ANOVA for each dose-
response data set, and p-values from a subsequent 2-sided Dunnett’s test comparing dose concentration response
(0.01-0.5 pg/mL) with the control response (0 pg/mL). * Indicates the MCLCEC is reported for a positive response.
Results where p<0.05 are marked with a *. Results compiled using Statistica 8.0.

Dose (ng/mL)
0 0.01 0.05 0.1 0.5 MCLCEC
Typha roots
AWCD 1.36 1.38 1.34 1.37 1.41

ANOVA p-value | 0.229

Dunnett p-value - 0.942 0.872 0.993 0.285 N/A

Richness 30.67 29.67 28 29 29

ANOVA p-value | 0.035%*

Dunnett p-value | - 0.453 0.011* |0.113 0.113 0.05 pg/mL

Soil

AWCD 0.55 0.62 0.70 0.68 0.73

ANOVA p-value | 0.003*

Dunnett p-value - 0.280 0.007* | 0.014* |0.001* | 0.05 pg/mL*

Richness 16 18.33 19.67 18.67 19

ANOVA p-value | 0.044%*

Dunnett p-value | - 0.138 0.017* | 0.083 0.049* | 0.05 pg/mL?

Wetland water

AWCD 0.47 0.47 0.43 0.43 0.43

ANOVA p-value | 0.162

Dunnett p-value - 0.999 0.829 0.335 0.827 N/A

Richness 16 16 15.33 15 15

ANOVA p-value | 0.063

Dunnett p-value - 1.000 0.980 0.096 0.922 N/A
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