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Antimicrobial resistance (AMR) is a growing and spreading global health threat affecting the ability of current medicine to treat
bacterial infections, increasing the risk of widespread health crises. This study aims to investigate the presence of antimicrobial
resistance in the Alameda Creek by performing Kirby-Bauer disk-diffusion tests with the commonly used antibiotics tetracycline,
erythromycin, ampicillin, and chloramphenicol. A total of 12 bacterial isolates, four each at three sites from upstream to down-
stream, were tested for antimicrobial resistance to distinguish its presence and preliminary patterns along the creek. The isolates
in our small sample displayed similar resistance trends—all showed susceptibility to tetracycline and no detectable inhibition
by erythromycin and ampicillin under our conditions. Only one isolate derived from the downstream site showed no inhibition
by chloramphenicol under our conditions, while all other isolates showed susceptibility. This suggests the possible presence of
chloramphenicol non-susceptible bacteria downstream, but not widespread resistance. Additional experiments compared bacte-
rial response to antibiotics applied immediately versus 24 hours after bacterial inoculation. Results displayed a sharp decrease
in antibiotic effectiveness when applied 24 hours after introduction of bacteria, aligning with the idea that quick treatment of
bacteria with antibiotics is important. The findings in this study highlight the value of monitoring environmental waterways like
Alameda Creek as potential reservoirs of antibiotic resistance, with implications for ecosystem health, regional public safety, and
future public health research initiatives.
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Introduction

Antibiotics are incredibly effective against a majority of bac-
teria, being able to cause bacterial death through various path-
ways affecting vital bacterial functions1. However, increased
use of antibiotics along with the tendency of bacteria to de-
velop resistance mechanisms under the pressure of selection
have resulted in a greater number of bacteria being resistant
to previously effective antibiotics, a phenomenon coined an-
timicrobial resistance (AMR)2. As a result, treatment options
for some infections have become limited, and many medical
procedures have become riskier3. Bacteria may have intrinsic
resistance to antibiotics due to structural barriers or naturally
developed defense barriers, while many acquire resistance
through mechanisms such as enzymatic inactivation, horizon-
tal transfer of resistance genes, and active efflux pumps4,5.

Though the development of AMR is an inevitable evolu-
tionary outcome with any antibiotic use, the overuse and mis-
use of antibiotics has allowed AMR to surpass pre-21st cen-
tury levels2,6. Now, it has become a global health threat, with
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increased resistance leading to reduced treatment options and
therefore higher mortality rates2. In 2019 alone, AMR killed
over 1.27 million people and is linked to 5 million deaths glob-
ally7. For this reason, AMR needs to be monitored world-
wide to determine the scope of the problem and find solutions
through increasing antibiotic effectiveness and limiting the de-
velopment of new resistant strains2.

AMR can be evaluated in a variety of methods, includ-
ing dilution methods, epsilometer testing (Etest), and Kirby-
Bauer disk diffusion testing3,8. While diverse methodolo-
gies exist, the Kirby-Bauer disk diffusion test was designated
as most standardized and is therefore most widely used8.
This method utilizes standardized protocols and the use of
antibiotic-impregnated discs on inoculated agar to visually de-
termine bacterial susceptibility to the chosen antibiotics. This
disk-diffusion method is also widely adopted for its simplicity
and ability to test multiple antibiotics simultaneously9,10.

Antibiotic-resistant bacteria can often be found in environ-
mental streams and natural water sources due to the pres-
ence of highly diverse bacteria and potential contamination
from wastewater11. Past studies have revealed the presence
of vertically and horizontally transferred antibiotic resistance
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genes (ARGs) and therefore widespread resistance to com-
monly used antibiotics, such as b -lactams, tetracyclines, and
aminoglycosides, in environmental water sources12,13. To fur-
ther explore antimicrobial resistance in environmental water
sources, the Alameda Creek, which stretches from the Dia-
blo Range to the San Francisco Bay, was chosen as a point
of study. Past investigations in Alameda County and around
the San Francisco Bay have seen an increase in prevalent re-
sistant bacteria, highlighting the need for further testing and
monitoring in the region14,15.

It was hypothesized that bacterial density and antimicro-
bial resistance would increase at downstream sites of Alameda
Creek compared to upstream due to higher nutrient concentra-
tions, slower water flow, and increased human activity. This
study utilizes a modified version of the disk-diffusion test to
investigate and compare the presence and patterns of antimi-
crobial resistance to tetracycline, ampicillin, erythromycin,
and chloramphenicol in the California Alameda Creek. Past
studies have shown that tetracycline and erythromycin are
common in environmental compartments, which leads to a
greater likelihood of resistance development16,17. Chloram-
phenicol and ampicillin have also been detected in aquatic en-
vironments, indicating that the presence of resistance to these
antibiotics is probable18,19. In addition to general AMR test-
ing, two methodologies were compared: the standard proce-
dure, which introduces antibiotic discs immediately after inoc-
ulation, and a modified procedure, which introduces antibiotic
discs 24 hours after inoculation of bacteria. This was done to
evaluate how bacterial growth phases impact observed zones
of inhibition.

Materials and Methods

Water Sampling from Three Sites

One 50 mL water sample was collected from each of three
sites on the Alameda Creek on a single day, July 4th, 2025,
and stored in sterile conical tubes. Site A (37.5937539, -
121.9103416) was located upstream in Sunol, CA, alongside
California State Route 84; Site B (37.5675508, -122.0040036)
was located midstream in Fremont, CA near the Quarry
Lakes Regional Recreation Area; Site C (37.5656207, -
122.0678975) was located downstream in Fremont, CA near
Coyote Hills Regional Park (Figure 1). Water samples were
transported in a cooler with ice before being stored at 4�C.

Preparation of a Low-Contamination Work Area

Due to limited access to a standard biosafety cabinet, a still air
box was created to maintain a low-contamination workspace
for all wet experiments (Figure 2). A transparent plastic box
was positioned on its side, and the open face was sealed with

multiple layers of plastic wrap to limit air exchange. Hand
holes were cut in the plastic wrap using scissors, and plastic
bags were taped above the holes to allow handling of materials
while blocking out airborne contaminants.

This setup functions similarly to a biosafety cabinet by cre-
ating an enclosed, semi-sterile workplace that minimizes ex-
posure to airborne microorganisms. True biosafety cabinets
use HEPA-filtered laminar airflow to actively remove contam-
inants, while our still air box reduces air exchange instead of
filtering the air. While the still air box provides sufficient con-
tamination control for the basic microbiological work done in
this study, it does not achieve the sterile conditions of a stan-
dard biosafety cabinet.

Before and after each experimental session, the interior sur-
faces of the still air box, as well as gloves and materials to be
introduced, were thoroughly sprayed with 70% isopropyl al-
cohol to disinfect surfaces and reduce microbial load. These
precautions were expected to adequately control contamina-
tion for the environmental sample processing and antimicro-
bial resistance testing work done.

Dilutions

Dilutions of original water samples were conducted to reduce
microbial concentration prior to inoculation and incubation of
bacteria (Figure 3). A 1:100 dilution of each water sample was
created by transferring 0.5 mL of each original water sample
to a sterile conical tube with 49.5 mL distilled water.

Inoculation and Incubation of Creek Bacteria

Nutrient agar was chosen as a culture medium for its ability to
support a wide variety of bacteria. Nutrient agar plates were
sourced from Evviva Sciences (Fremont, CA, USA).

Inside the disinfected still air box, 1 mL of the 1:100 diluted
water sample was pipetted onto the surface of an agar plate and
gently spread by tilting the plate to distribute the liquid evenly.
Streaking for colony isolation was performed using a sterile
cotton swab: the swab was drawn across the agar surface in
a zig-zag pattern, the plate was rotated 90 degrees, and the
streaking was repeated. The sequence was continued until six
streaking patterns were completed per plate. The procedure
was repeated for three technical plates for each water sample,
resulting in nine plates total. All agar plates were sealed with
parafilm to minimize moisture loss.

The various bacteria were incubated in an inverted position
at room temperature (20�C-24�C) for 38 hours to allow vis-
ible colony growth. After inoculation, colony forming units
(CFUs) were counted manually. To avoid double counting,
each CFU was marked on the plate’s underside with a perma-
nent marker as it was recorded. Confluent or merged areas
of growth were recorded as a single CFU. Plates with exces-
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