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ABSTRACT

Objective of the work was to investigate correlations among hazardous medical waste generation
rates and various hospital parameters in 2 departments and a clinic of a 40-bed Hellenic general
hospital (Hospital of lkaria). Medical waste was recorded at the bio-pathology lab, the pathology
clinic and the emergency department 4 times daily during a 42 sampling day period (from December
2008 to May 2009). The hospital parameters recorded on a daily basis were the number of
examinees, the number of patients that occupied beds and the number of tests performed daily at
the clinical bio-pathology laboratory. The dependent variable was the medical waste generation rate
(kg day™) in all cases. Statistically significant linear correlations were established in all departments;
the strongest correlation (R?=0.75) was calculated at the clinical bio-pathology laboratory and the
weakest (R°=0.30) at the emergency department. An analysis of variance (Tukey’s t-test) and a non-
parametric statistical test revealed that medical waste generation rates from the clinical bio-
pathology laboratory were statistically lower in the weekends compared to weekdays. In addition,
medical waste amounts generated by the pathology clinic were statistically lower during December
and January compared to February and April.
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INTRODUCTION

Based on Greek legislation (HMWC, 2003), medical waste (MW) is the waste produced from medical
facilities which is included under chapter 18 of the European Waste Catalogue (EWC). According to
HMWC (2003), MW is classified into: a) Household type medical waste, which have similar
properties to household solid waste, and, b) Hazardous medical waste (HMW), which is further
classified into: i) waste with solely infectious properties (e.g. body tissues, blood, fecal and urine
samples from patients with an infectious disease, needles etc.), ii) waste with both infectious and
toxic properties (e.g. chemotherapy related waste, waste from bio-pathology and histology
laboratories etc.), iii) waste with solely toxic properties (e.g. waste that contain mercury, hazardous
organic waste, expired drugs, filters etc.), iv) Other types of medical waste (e.g. radioactive waste,
batteries, pressurized cans etc.).

Variable definitions of medical waste exist among countries. This may partly explain the wide
differences among the medical waste generation rates obtained by various researchers worldwide
(Komilis et al., 2011). For example, Bdour et al. (2007) never used the term hazardous medical
waste in their study; they classified medical waste into pathological waste, sharps and infectious
waste. Cheng et al. (2009) classified medical waste into infectious waste and general medical waste
without clearly defining, however, these 2 categories.

The assessment of medical waste composition and the quantification of their rates of generation is a
popular research area recently. Many researchers pursue the development of equations to describe
and predict MW generation rates as a function of key hospital parameters, such as the number of
examinees, patients, occupied beds, official beds, number of doctors, etc. Such equations can have
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major practical significance, since they can be readily used for the prediction of hazardous medical
waste generation rates from a medical facility without the need to perform costly measurements at
the source. Such information is necessary during the design of MW transfer and treatment systems.

Several authors have attempted to establish linear relationships among MW generation rates and
several hospital related parameters (independent variables). Bdour et al. (2007) found a relatively
high statistically significant (linear) correlation between the number of patients and the amount of
MW generated daily. A lower statistically significant correlation (with a linear trend visually evident)
was calculated between the number of beds and the MW generated per day (Bdour et al., 2007).
Cheng et al. (2009) found that the amounts of infectious waste generated by several medical
facilities in Taiwan were marginally correlated to the number of hospital beds (at p<0.05). Sanida et
al. (2010) calculated correlations among the amounts of HMW generated daily and several
parameters, such as the number of occupied beds, medical tests per day, nurses, surgeries per day
and hospital employees (authors included the relevant scatter-plots in an Appendix). Although
statistically significant coefficients of determination (R?) were calculated in all above cases, the
correlations were actually weak, as was judged by the visual interpretation of the data. All relatively
high R? coefficients calculated by Sanida et al. (2010) were actually “governed” by two extreme
values; all other data clustered at the left bottom part of the graphs without the presence of a
discernible trend. That is, the large range of variation of the independent variables inevitably led to
the misleadingly high R? values; however, this is not an indication of a good correlation (Berthouex
and Brown, 2002). Graikos et al. (2010) calculated a relatively low correlation between the HMW
generated and the number of patients in a surgery department of a small Hellenic medical facility in
Xanthi. No correlation plots were, however, presented to better evaluate the strength of the
correlations, which were judged solely by the magnitude (< 0.3) of the linear R? coefficient.
Conclusively, it appears that researchers still seek reliable predictors of medical waste generation
rates in hospitals.

Objective of this work was to investigate the potential correlation of various hospital parameters with
the hazardous medical waste generation rates from 2 departments and a pathology clinic at the
General Hospital of lkaria. The definition of HMW in this work was based on the pertinent Greek
legislation (HMWC, 2003), as described earlier. Linear statistical models were developed for each of
the departments of the aforementioned hospital. The pertinent correlation plots were included, since
the graphical illustration of the data is of key importance when interpreting correlations. An analysis
of variance was also performed to investigate statistically significant temporal variations of the HMW
generation rates within each department during the 6 month sampling period.

MATERIALS AND METHODS

The methodology of data acquisition at the hospital of Ikaria is described in detail in Komilis et al.
(2011). In summary: Medical waste was weighed separately at each of the four departments of the
hospital, namely: the patients’ room (pathology clinic), the clinical bio-pathology laboratory (CBPL),
the emergency department (ER) and the X-ray department. The measurement period was from
December 2008 to May 2009. One full week (7 d) was randomly selected from each month. Weight
measurements were performed daily over 6 full weeks (from Monday to Sunday) of the above
period, so that the sample size was 42 days. Statistical analysis was performed with MINITAB®
Release 15.

RESULTS AND DISCUSSION

Medical waste generation rates

The unit hazardous medical waste generation rates from the hospital of lkaria are presented and
discussed in detail in Komilis et al. (2011). In summary, the average HMW generation at the
pathology clinic was 0.66 kg occupied bed™” day™ + 27%. The emer1gency department had the next
highest average HMW generation rate, which was 0.26 kg patient” day™” + 50%. The clinical bio-
pathology laboratory produced an average of 0.069 kg examinee™ day™ + 90% and 0.014 L of liquid
waste examinee™ day™ + 80%. The X-ray lab produced an average of 0.083 L examinee™ day™. The
combined HMW generation rate from all departments and the pathology clinic was 1.2 kg occupied
bed” day” and 0.33 kg official bed” day” (Komilis et al., 2011). The unit HMW generation rates
calculated from the hospital of Ikaria were lower than, but yet comparable to, the HMW amounts
measured in other Hellenic hospitals (Tsakona et al., 2007; Sanida et al., 2010).
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Correlations

Figure 1a illustrates the daily amounts of solid and liquid HMW generated by the clinical bio-
pathology laboratory versus the total number of examinees per day. Figure 1b illustrates the
correlation of HMW generated vs the (combined) number of biochemical, immunological,
haematological and urine analysis tests. According to Figure 1, there were clear linear trends in all 3
cases. Figure 2 illustrates the correlation between the amounts of (solid) HMW generated by the
emergency department and the number of examinees per day at that department. A linear trend is
also evident, though the correlation is not as strong as in the case of the CBPL (R? = 0.30). Yet, it is
a statistically significant correlation. Figure 3 is a correlation plot between the daily amounts of (solid)
HMW generated and the average daily number of patients that occupied beds in the pathology clinic.
A linear trend is evident here, too, with a calculated (statistically significant) R? equal to 0.43.
Therefore, the number of beds occupied daily in the pathology clinic can be used as a predictor of
HMW generation rates in the hospital of Ikaria.

All lines in Figures 1 to 3 were fitted without an intercept. This was based on the notion that no HMW
is expected to be generated by a department (or laboratory) that has no patients or examinees.
Particularly in the case of Figure 1a, if intercepts were calculated, they would have been negative
values, which can be hardly explained. On the other hand, the intercepts of the linear equations of
Figures 1b, 2 and 3 would have been positive values. No intercepts were eventually fitted, since
there were no records of HMW generated by an empty department.

All R? coefficients of the above linear equations were statistically significant at p<0.05; in addition,
the linear parameters in all 5 models were statistically significant (at p<0.005) as well, as can be also
judged by the magnitude of the standard errors (values in parentheses) of these parameters. The
residuals of all 5 linear models were distributed normally with a zero mean, indicating the validity of
the models. Finally, based on the graphical illustration of the data, all 5 correlations can be rendered
acceptable (despite the variability in the R? values), since data were distributed uniformly within the
range of variation of the independent variables. This is a necessary condition in order to justify the
“good quality” of a correlation regardless of the magnitude of the R? coefficient (Berthouex and
Brown, 2002).

Apparently, the strongest correlations were achieved at the CBPL with R? coefficients approximately
equal to 0.75 in all cases. It is worth noting that negligible HMW (solid and liquid) generation rates
(ranging from 0.004 to 0.018 kg day™') were recorded at the CBPL during the 12 weekend days (not
clearly shown in Figure 1a due to overlapping of the data points), despite the fact that between 2 to 9
examinees visited that department during those days. According to the CBPL personnel, the solid
waste generated during weekend days were not wasted at the end of these days, but were stored
and discarded on the Mondays that followed. Liquid waste generated by the CBPL was, however,
still wasted to the sink during those days.

As is evident from the linear parameters (slopes of lines) of the equations in Figures 1 to 3, the
following predictors of HMW generation rates can be established: 0.64 kg patient” day™" or kg
occupied bed” day™ at the pathology clinic, 0.24 kg examinee™ at the ER and 0.11 kg of (solid and
liquid) HMW examinee™ at the CBPL. It is interesting to note that Sanida et al. (2010), based on their
study of 9 large general hospitals in Central Macedonia, calculated a “slope” of 1.058 kg of infectious
waste patient” day™' or kg occupied bed” day™. According to Figure 1b, 0.044 kg of HMW was
generated, on average, per test performed in the clinical bio-pathology laboratory. Interestingly,
Sanida et al. (2010) calculated 0.0061 kg test’ from the 9 large general hospitals in Central
Macedonia.

Based on the aforementioned statistical correlations, the number of examinees, number of patients
that occupy beds and the daily number of clinical tests were statistically significant predictors of
HMW generation rates at the hospital of lkaria. It would be worthwhile to perform similar research
projects in departments of hospitals of similar sizes in order to check the validity and reproducibility
of the equations.
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Figure 1. (Solid and liquid) HMW daily generation rates at the clinical bio-pathology laboratory: (a)
versus number of examinees per day, (b) versus number of tests performed daily. Values in
parentheses are the standard errors of the linear parameters.
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Figure 3. (Solid) HMW daily generation rate at the pathology clinic. Value in parenthesis is the
standard error of the linear parameter

Temporal variations

According to Komilis et al. (2011), monthly average HMW generation rates varied from 0.50
(December) to 0.84 kg patient'1 day'1 (April) in the clinic, from 0.19 (February) to 0.32 kg patient'1
day™ (December) in the ER and from 0.046 (December) to 0.099 (January, May) combined solid and
liquid kg of HMW examinee™ day™ in the CBPL. Statistical analyses (Tukey’s pair-wise t-test and a
non-parametric test) were performed on the 42 daily measurements to investigate temporal
variations among days within a week and among months at each of the 3 departments (CBPL, ER,
pathology clinic). The Tukey’s pair-wise t-test examines the confidence intervals of all potential pair-
wise differences of the means of the data and was performed according to Berthouex and Brown
(2002). A condition is that data must be distributed normally. The non-parametric Kruskal-Wallis test
does not assume a normality of the data and compares medians rather than means. Goal of the
analyses was to deduce whether one month generated statistically different HMW amounts
compared to another month, or whether certain days of a week generated statistically different HMW
amounts compared to other days of the week. Both tests were performed at a 95% confidence level.

According to Table 1, the HMW amounts generated on December and January were significantly
lower compared to the HMW generation rates of February and April. The lower HMW generation
rates of December can be likely explained by the fact that sampling took place on Christmas week.
In addition, HMW generation rates of the CBPL on Saturdays and Sundays were statistically lower
compared to the amounts generated on weekdays. This was an expected finding, since no solid
medical waste was disposed of by the CBPL during the weekends, as mentioned earlier. No other
temporal statistical differences were recorded in all other cases. The results of the non-parametric
Kruskal-Wallis test were similar to that of the ANOVA (see Table 1).

Table 1. Statistically significant temporal differences based on Tukey’s pairwise t-test and the
non-parametric Kruskal-Wallis test (at a 95% confidence level)

Hospital Parameter Differences Differences among
department examined among months days of the week
Clinical bio- kg examinee™ No statistically significant Saturdays and Sundays had
pathology day"1 differences were calculated lower HMW generation rates
laboratory compared to all other days of the
week *
Emergency kg examinee™ No statistically significant No statistically significant
department day‘1 differences were calculated differences were calculated
Pathology kg patient” day™ December and January had No statistically significant
clinic lower HMW generation rates differences were calculated

compared to February and April

*: only liquid waste (from blood and urine analyses) was disposed of by the CBPL on weekend days
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CONCLUSIONS

Statistically significant linear correlations between the number of tests, number of examinees,
number of occupied beds and the medical waste generation rates were calculated at the clinical bio-
pathology lab, the emergency department and the pathology clinic. The strongest linear correlations
(R*=0.75) were established at the clinical bio-pathology laboratory. The weakest, yet statistically
significant, correlation (R2=0.30) was established at the emergency department. All linear
parameters in the equations presented were statistically significant at p < 0.005.

Based on the aforementioned statistics and on the visual interpretation of the correlation plots,
predictors of daily HMW generation rates at the pathology clinic, at the ER and at the CBPL were:
0.64 kg patient™ day™ or kg occupied bed™ day™, 0.24 kg examinee™ and 0.11 kg (solid and liquid
HMW) examinee™ , respectively. In addition, another predictor of HMW generation rate at the clinical
bio-pathology laboratory was 0.044 kg test™.

The HMW generation rates from the clinical bio-pathology laboratory were statistically lower in the
weekend compared to the generation rates during weekdays. In addition, the HMW generation rates
from the pathology clinic were statistically lower during December and January compared to
February and April. No other temporal variations were calculated.
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