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FIGURE 3. Absorbance (at 600 nm) in hand rinsate samples from
the control group and four intervention groups of workers
harvesting tomatoes. For each study group, the boxes display the
quartiles (25th, 50th, and 75th) and whiskers extend to 1.5 times
the interquartile range. Any data points outside the whiskers are
displayed individually as dots. The value above each study group
box plot indicates the median absorbance (Agpp). The control
group samples were collected after farmworkers harvested
tomatoes for 1 to 2 h. The four intervention groups had hand
rinsates collected immediately after performing hand hygiene. a,
significantly different from the control group (o = 0.05); b,
significantly different from the label-use ABHS and two-step ABHS
groups (o = 0.05)

on hands than ABHS-based interventions (range, Agoo 0.02
to 0.73) (P < 0.05) (Fig. 3). These absorbance results
confirm the trends seen in the “after intervention”
photographs taken of hands (Fig. 4).

DISCUSSION

The goal of this study was to assess the ability of two
soap-based (traditional or pumice) and two ABHS-based
(label-use or two-step) hygiene interventions, compared with
a no-hand-hygiene control, to reduce microbes (coliforms,
E. coli, and Enterococcus) and soil (Agog of hand rinsate) on
farmworker hands after harvesting produce. Without
intervention, farmworkers’ hands were contaminated with
high concentrations of indicator bacteria and were heavily
soiled after 1 to 2 h of harvesting tomatoes. All four hygiene
intervention groups had lower concentrations of Enterococ-
cus and E. coli on their hands than the control group.
Furthermore, all four interventions yielded significantly less
soil remaining on hands, soap-based interventions more so
than ABHS-based interventions. Based on these results,
ABHS can be viewed as a promising hand hygiene solution
for produce handlers, even on soiled hands. To build on
these findings, future studies could investigate the efficacy
of ABHS for pathogen inactivation on soiled hands in a
controlled setting (e.g., an experimental greenhouse).

Farmworkers’ hands were heavily soiled and contam-
inated with high concentrations of indicator bacteria after 1
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to 2 h of harvesting tomatoes. The control group results are
supported by our previous field observational study of
microbial contamination of produce, environmental samples,
and farmworkers’ hands (23), where we found that 16 to
41% of farmworkers’ hands had detectable E. coli, 92 to
100% had detectable coliforms, and 70 to 99% had
detectable Enterococcus bacteria, depending on the type of
produce harvested. The lower percentage of samples
positive for E. coli than of samples positive for coliforms
and Enterococcus is expected, as E. coli is a gram-negative
species of bacteria indicative of fecal contamination from a
warm-blooded animal, whereas Enterococcus spp. (a genus
of gram-positive bacteria) and coliforms (a general group of
bacteria) are larger, more general categories of indicator
bacteria. It is unlikely that the presence of these indicator
bacteria is simply a result of poor sanitation and hygiene
practices among the farmworkers given that they washed
their hands with soap and water before beginning harvest
and their sole activity was harvesting produce. It is more
likely that farmworkers’ hands are accumulating organic
matter and indicator bacteria present in the agricultural
environment (e.g., on plants, soil, or produce bins). Both
coliforms and Enterococcus are naturally present in the guts
of animals (5, 36), but they are also present in the
environment (36) and could be introduced into the
agricultural environment through various pathways (e.g.,
irrigation water, soil amendments, or contaminated tools or
equipment). Similarly, the E. coli seen on some farmworker
hands after harvest may indicate recent fecal contamination
from a warm-blooded animal (36) or may indicate past
environmental contamination, as E. coli is known to be
persistent in the environment (4/).

Farmworkers in all four intervention groups had lower
concentrations of Enterococcus and E. coli on their hands
than those in the control group. These results indicated that
all four interventions were efficacious at reducing the
concentrations of viable microbes on hands. The soap-based
interventions likely reduced bacterial concentrations because
soap is, by definition, an emulsifier, meaning it suspends
hydrophobic compounds and, with them, any particles and
microbes. These particles and microbes are then removed
when hands are rinsed. These traditional soap and pumice
soap intervention results are consistent with the results from
a pilot study of a hand hygiene intervention using foam soap
on soiled farmworker hands (/3). The ABHS-based
interventions likely reduced bacterial concentrations because
ethanol, the active ingredient in the ABHS, is an effective
antimicrobial agent (3, 24). These results suggest that ABHS
can be an efficacious hand hygiene method, even on soiled
hands. Although the soap-based and ABHS-based interven-
tions work by different mechanisms, they were both
efficacious at reducing microbes on soiled hands.

No intervention resulted in lower concentrations of
coliforms than in the control group. Given the high
variability of coliform concentrations in the control and all
intervention groups and the generally small reductions (0 to
2 log) in coliforms previously reported with hand washing
with foam soap and ABHS in the field (/3), a larger sample
size would likely have been needed for these interventions to
demonstrate a statistically significant difference in coliform
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FIGURE 4. Photographs of hands and corresponding individual hand rinsate absorbance readings from samples collected after
intervention from study participants—workers harvesting tomatoes on a farm in Mexico. Photographs were taken immediately before and

after each worker performed hand hygiene.

concentration compared with the control group. In a
previous study comparing two-step ABHS and foam soap
to a control group, only two-step ABHS had significantly
lower levels of coliforms (~2 log (/3)) than the control
group. These results suggest that coliforms may be more
persistent on hands than E. coli and Enterococcus spp. after
hand washing or ABHS use. Given that total coliforms are
poor indicators of fecal contamination in an environmental
setting (36), it is unclear whether this result has a practical
application in hand hygiene techniques.

All four interventions significantly removed soil from
hands, soap-based interventions more so than ABHS-based
interventions. It was expected that soap-based interventions
would be the most efficacious at soil removal, given soap’s
emulsion properties described above. The removal of soil
from hands with label-use of ABHS was a somewhat
unexpected result, as the intervention does not involve
wiping or removing anything from the hands. This result
contradicts previous research on alcohol-based gels (27, 34).
However, study participants’ hands were quite heavily
soiled, and particles may have been solubilized in the ABHS
and then dropped to the ground as the liquid portion
evaporated. The two-step ABHS intervention uses paper
towels to remove excess ABHS (/1); it is likely that
additional soil particles were also removed by the paper
towel when wiping dry.

The label-use ABHS and pumice soap interventions
were similar to the traditional soap intervention in their
effectiveness at reducing the microbial load on farmworker
hands. However, the two-step ABHS intervention was more
efficacious than the label-use ABHS and pumice soap
interventions and was at least as efficacious as traditional
soap at reducing microbes on soiled farmworker hands. The
two-step ABHS intervention resulted in significantly lower

percentages of positive samples and lower geometric mean
concentrations of all indicators than did the label-use ABHS
intervention (concentrations of coliforms and Enterococcus
bacteria) (Fig. 2) and pumice soap intervention (prevalence
and concentrations of coliforms and concentrations of
Enterococcus bacteria) (Table 1 and Fig. 2). These results
confirmed the results in a previous study of hand hygiene
interventions with farmworkers harvesting jalapefios, where
the same two-step ABHS intervention resulted in 1 to 2 log
CFU fewer bacteria per hand than were found for the control
group and performed better at eliminating indicator bacteria
than hand washing with foam soap (73). The results suggest
that the most efficacious hand hygiene intervention in the
agricultural environment may be a dual-mechanism inter-
vention, such as the two-step ABHS, that combines physical
removal from hands (e.g., with paper towels) with
inactivation of indicator bacteria (e.g., by ethanol, the active
ingredient in the ABHS and an effective antimicrobial agent
(3, 24)).

This study has several strengths and limitations. It
addresses a gap in the hand hygiene literature by evaluating
the efficacy of hygiene interventions in an agricultural
environment under real-use conditions. The study also
compares an array of hygiene interventions, both soap
based and ABHS based. Although the study was conducted
on only one farm with participants harvesting only one type
of produce, the similarity of the results to those of a previous
pilot study evaluating foam soap and two-step ABHS on a
different farm with different produce (/3) suggests that these
results may be broadly applicable to the agricultural field
environment during produce harvest.

The results of this field evaluation of hand hygiene
techniques have several implications. Hands may be a
source of produce contamination if a farmworker is ill, and
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hands may also contribute to produce contamination by
transferring indicator bacteria from the environment (e.g.,
soil, water, or produce bins) to the produce during harvest.
These results show that the performance of hand hygiene
interventions can vary with the hygiene product and
technique, and hand hygiene recommendations may need
to be tailored to meet the environment and availability of
hygiene resources. Hand hygiene performed incorrectly or
with an ineffective product may not improve the microbial
quality of hands even if they appear cleaner after hygiene.
Although they did not remove soil as well as soap-based
interventions, the ABHS-based interventions reduced the
concentrations of indicator bacteria similarly to the soap-
based interventions and can be viewed as efficacious hand
hygiene solutions even on soiled hands.
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