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REVIEWER Carla Rossi  
Full professor  
University of Rome "Tor Vergata"  
Italy  
 
No competimg interests 

REVIEW RETURNED 18-Jul-2012 

 

THE STUDY 1.The randomization technique for the driver survey should be 
more extensively described.  
2.Specificity and sensibility of the salive test should be provided.  
3. The uncertainty interval for the methabolites in the sewage 
should be better justified.  
The 80% estimate of the overlap of the surveys should be justified.  
The calculations reported in Table 3 should be better described.  
Some considerations about the different styles of consumptions in 
different week days should be included when working on the daily 
average of consumption. 

RESULTS & CONCLUSIONS Table 3 is difficult to understand for general readers 

 

REVIEWER Priv.-Doz. Dr. phil. Ludwig Kraus  
IFT Institut für Therapieforschung  
Deputy Scientific Director  
Epidemiological Research Department  
Parzivalstr. 25, D-80804 München, Germany www.ift.de 

REVIEW RETURNED 20-Jul-2012 

 

 

GENERAL COMMENTS Estimation of Cocaine Consumption in the Community: A Critical 
Comparison of the Results from Three Complimentary Techniques  
 
General Remark  
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The paper compares results from three methods estimating the 
level of cocaine use in the general population in Oslo, Norway, for 
validation purposes. It is well written and it fills the gap that is left 
by aggregate estimates of total amount of consumed cocaine using 
sewage data by combing these data with individual self-reports of 
cocaine use frequency and average amount per occasion from 
different populations (integrated and marginalized individuals, car 
or motorcycle drivers). This is an important paper and I have only 
few remarks.  
 
Combined Population and User-Group Survey Methodology  
Information on survey methodology is rather scarce. In line 169-171 
it reads “Data on the socially integrated users …. was averaged 
across two or three survey years to increase N….”. In table 1 sample 
sizes are given (I guess totals). I wonder whether survey estimates 
where averaged across (two or three) surveys or were estimates 
derived from matched samples. This may make a difference 
depending on individual samples sizes. Then, are these samples 
comparable in order to average estimates (sampling frame, mode 
of administration, data collection etc.)?  
 
Table 1: what is meant by “questionnaire completed in private”? 
Isn’t this also the case in a postal survey? Footnote: 35% response 
rate in 2006, 2007 and 2008 among 15-20 year olds. It seems rather 
unlikely that all three surveys achieved the same response rate.  
 
Comparisons of Results  
The UNODC consumption estimate is introduced without much 
explanation. I have not checked the reference but it is apparent 
that this estimate does not refer to the Oslo area. I wonder why the 
authors have found this estimate interesting and what is gained by 
using it for comparative reasons. Given that the average amount 
per user varies greatly across different populations this measure is 
rather arbitrary and from my point of view useless. If the authors 
still want to keep the UNODC estimate more details need to be 
reported (area, year, method etc.).  
 
Discussion  
The authors may mention that the population measure of total 
amount of consumed cocaine is a rather crude measure based on 
rather rough frequency categories and for quantity per-user on 
n=45 subjects or (unclear how) literature. In table 3 the authors 
may also indicate where measures come from, particularly in the 
last row in the first three surveys.  
 
References  
The authors may check whether all citations (55 references) are 
necessary. For example what is gained by referencing 7 papers on 
measurement of drug metabolites in sewage water [16-22]?  
 
Minor errors  
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― Line 143 and 200: “in sewage” instead of “is sewage”  
― Line 146: the population size is given with “approximately 500 
000 people”; in the abstract in line 37 it reads “570 000 people”  
― Line 188: “dividing” instead of “diving”  
  

 

REVIEWER Caleb Banta-Green  
Research Scientist  
University of Washington  
USA 

REVIEW RETURNED 23-Jul-2012 

 

GENERAL COMMENTS The authors are to be commended for the goals of their analysis. 
This is a difficult task and an important one to validate and 
contextualize WWTP derived estimates. However, the paper has 
many problems that need to be addressed to 1) come to accurate 
conclusions and 2) provide clarity to readers.  
The data all need to be from 2009. I’m not expert on the drug 
epidemiology in Europe, but I understand there have been major 
changes in cocaine distribution and consumption. The first 
reference about the rank of cocaine use in Europe is from 2007. 
Data sources used that are from several years prior frankly seem 
irrelevant and inappropriate.  
The WWTP data collection is poorly described and the estimate 
provided inadequate. The paper states a 6 hour time proportional 
sample. It is unclear what the sampling frame was- is this a 6 hour 
period of data collection per day? How is flow accounted for? What 
was the sampling frequency? What are the implications for 
whether the sampling approach reliably and validly represents a 
single day? Intra-day with which I’ve worked show tremendous 
within day variability for various stimulants and their metabolites, it 
would matter tremendously when the sampling occurred. This is a 
major issue that is not addressed at all.  
The WWTP data estimate for consumption is inadequate. 
Degradation or other chemical transformations in sewer transit are 
not mentioned at all. Where are the error bounds? Sampling error, 
analytical error, flow measurement error, population error and so 
on. Back calculating to the mass of consumed drugs involves many 
variables and assumptions, the variability associated with each of 
these variables needs to be incorporated into some measure of 
variability of the estimate.  
The tiny numerator for the cocaine positive drivers seems not much 
to hang one’s hat upon and yet it is the cornerstone of one of the 
three data sources. It’s also unclear why these data need to be 
weighted given that a carefully drawn representative sampling 
frame was used to obtain the data. The 10% missing and the high 
likelihood of bias this introduces is troubling. While I appreciate the 
potential of this data source I would consider it quaternary at best.  
There is inadequate description of how the survey data are 
combined. How do you know which proportion of the total 
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population is represented by the different surveys? This is a critical 
issue and concern whenever survey data are used. Who is being 
missed? And, when it comes to snorting cocaine, what do you know 
about the characteristics of users that can be used to properly 
weight the data? I don’t know the dynamics of snorting cocaine in 
Norway. Where I live and work this is a route of administration 
associated with infrequent use among less involved drug users (as 
implied in the paper), so the IDU and prison populations wouldn’t 
be too relevant (but then the prisoners report regular usage- was 
this intra-nasal, what mass daily?). The overall issue of how this 
combined sample was created is problematic. At minimum I’d 
explain it and add a couple of sensitivity analyses with different 
weights to get a sense of how much range there might be in the 
estimate. There’s lots of speculation about “under-reporting” of 
survey data in the paper I’d appreciate at least as much attention to 
what populations are being included and how they do or do not 
reasonably combine to a total and complete population. Sections 
2.4 and 3.3 seem very weak and poorly justified.  
Details:  
P2 line 33 “validating the resulting data set” which one? this is 
confusing.  
What is the geographic overlap of catchment areas for each of the 
3+ data sources? Potential bias?  
What do you mean by “dynamics” of drug markets? I don’t see how 
any of these data address dynamics.  
It’s unclear how you get from past year use to amount used on an 
average day.  
IF there is strong temporality in the WWTP day, e.g. weekends, 
could you have done a stronger analysis that focused on weekends? 
I’m guessing survey data didn’t address day of week, so probably 
not.  
P4 line 104-105 confusing how the prison population reports 
relatively high rates, but the “marginalized” low, and that they are 
described as separate populations.  
p.5 line 107- how is purity incorporated into any analyses presented 
here? Purity only seems relevant if the average mass of cocaine 
product ingested is known. And, it seems it’d only matter if you had 
a large and heterogeneous cocaine using population and you were 
attempting to create some sort of average across routes of 
administration and forms of the drug. Aren’t users on average 
trying to get roughly the same amount high over time? [also 
Castiglioni doi: 10.1016/j.watres.2011.07.017 have presented ways 
to determine smoked cocaine in wwtp derived samples]  
p.8 184 You seem to be taking the cross sectional prevalence of 
cocaine use in drivers and combining with a use frequency from the 
surveys. This seems problematic, these may be different 
populations and you are combining measures across them without 
any evidence this is appropriate.  
How was the error term for the driving data created? A sampling 
frame was used, I assume there is, at minimum, sampling error to 
incorporate.  
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p.10 line 231, the issue is that the CI overlap so the point estimates 
cannot be determined to be different from each other.  
p.11 line 278 A brief mention of how UNODC creates their average 
cocaine consumption estimate would be very helpful, particularly in 
light of all the various approaches used in the paper.  
p.11 line 284 large error components w/ wwtp estimates aren’t 
mentioned p.12 line 310 “some uncertainty”?  
In sum, while I very much appreciate the effort (and clearly it was a 
lot of effort), the paper as is has a lot of problems that need to be 
addressed in terms using temporally aligned data, describing the 
data well, thinking about how to construct the various estimates 
and in terms of adequately incorporating and describing the 
statistical variability.  
  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: Carla Rossi  

1. The randomization technique for the driver survey should be more extensively described.  

RESPONSE: We have rephrased parts of the paragraph and included more information.  

 

2. Specificity and sensitivity of the saliva test should be provided.  

RESPONSE: The analytical method, which utilises HPLC with tandem mass spectroscopy detection, is 

generally regarded as a specific method. Unlike immunological testing there is no cross-reaction with 

other analytes which may produce false-positives.  

We have added a phrase saying that the method was specific.  

The sensitivity (analytical cut-off concentration) of the analytical method for oral fluid/buffer 

mixture is presented in section 2.2, last paragraph. The cut-off for cocaine in native oral fluid (2.5 

ng/ml) is presented in section 3.1 taking the dilution with buffer and recovery from sampling device 

into account. Benzoylecgonine was disregarded as all samples found to be positive for 

benzoylecgonine were also positive for cocaine.  

 

3. The uncertainty interval for the metabolites in the sewage should be better justified.  

RESPONSE: The uncertainty with the measurements of drug metabolites in sewage are associated 

with errors in sampling (5% RSD), flow measurements (1% RSD), chemical analysis (5% RSD) and 

biotransformation of cocaine and benzoylecgonine in the sewer system which is typically less than 

10 %. Two recent references have been included and the confidence intervals have been defined 

and refined accordingly.  

 

4. The 80% estimate of the overlap of the surveys should be justified.  

RESPONSE: The assumption of overlap was reported as 20 percent, and this is now clearer in the 

text, see section 2.4 first paragraph. Two new references have been added from which this 

information was deducted. The first presents the rate of imprisonment among injecting drug users at 

a given date one year after baseline (eight percent), and the other reference presents the mean 

length of stay in prison for drug users (ca. four months). The rate of imprisonment at a given time 

will be lower than the rate during a calendar year, thus 20 percent overlap was assumed, 2.5 times 

the rate at a given date.  
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5. The calculations reported in Table 3 should be better described.  

RESPONSE: We have added notes for each line, explained how the calculations were carried out and 

adjusted the text in the table  

 

6. Some considerations about the different styles of consumptions in different week days should be 

included when working on the daily average of consumption.  

RESPONSE: It is true that cocaine use among recreational users will vary over the week and over 

holiday periods. Marginalized users, however, use cocaine regardless of weekday and holiday. Such 

variation is not explicitly included in the calculations.  

 

 

Reviewer: Priv.-Doz. Dr. phil. Ludwig Kraus  

1. Combined Population and User-Group Survey Methodology: Information on survey methodology 

is rather scarce. In line 169-171 it reads “Data on the socially integrated users …. was averaged 

across two or three survey years to increase N….”. In table 1 sample sizes are given (I guess totals). I 

wonder whether survey estimates where averaged across (two or three) surveys or were estimates 

derived from matched samples. This may make a difference depending on individual samples sizes. 

Then, are these samples comparable in order to average estimates (sampling frame, mode of 

administration, data collection etc.)?  

RESPONSE: We have clarified these points in the text, see first paragraph of section 2.4.  

 

2. Table 1: what is meant by “questionnaire completed in private”? Isn’t this also the case in a postal 

survey? Footnote: 35% response rate in 2006, 2007 and 2008 among 15-20 year olds. It seems rather 

unlikely that all three surveys achieved the same response rate.  

RESPONSE: The text is corrected in Table 1. This was face to face interviews, but the drug questions 

were completed in private. Range of response rates is given.  

 

3. Comparisons of Results: The UNODC consumption estimate is introduced without much 

explanation. I have not checked the reference but it is apparent that this estimate does not refer to 

the Oslo area. I wonder why the authors have found this estimate interesting and what is gained by 

using it for comparative reasons. Given that the average amount per user varies greatly across 

different populations this measure is rather arbitrary and from my point of view useless. If the 

authors still want to keep the UNODC estimate more details need to be reported (area, year, 

method etc.).  

RESPONSE: The UNODC estimate is used for comparative purposes only so adjustments have been 

made to the wording accordingly. Note also that the uncertainty associated with the UNODC figure 

leads in to the hypothesis that combining accurate measurements of the total drug consumption in 

the population (via sewage analysis) with reliable prevalence figures acquired through rigorous 

survey of the population could provide improvements in the accuracy of average per-user 

consumption figures in the future.  

 

4. Discussion: The authors may mention that the population measure of total amount of consumed 

cocaine is a rather crude measure based on rather rough frequency categories and for quantity per-

user on n=45 subjects or (unclear how) literature. In table 3 the authors may also indicate where 
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measures come from, particularly in the last row in the first three surveys.  

RESPONSE: We have included the first point in the discussion, page 11, second paragraph. Table 3 

has been revised to include some more information on dose size and number of doses per user day. 

Full reporting of dose and number of doses per user day require another 8 lines in the table and this 

can be added if requested.  

 

 

Reviewer: Caleb Banta-Green  

1. The authors are to be commended for the goals of their analysis. This is a difficult task and an 

important one to validate and contextualize WWTP derived estimates. However, the paper has many 

problems that need to be addressed to 1) come to accurate conclusions and 2) provide clarity to 

readers. The data all need to be from 2009. I’m not expert on the drug epidemiology in Europe, but I 

understand there have been major changes in cocaine distribution and consumption. The first 

reference about the rank of cocaine use in Europe is from 2007. Data sources used that are from 

several years prior frankly seem irrelevant and inappropriate.  

RESPONSE: We definitely agree that the task of comparing these methods was difficult. All three 

methods are based on empirical knowledge from many sources plus more or less well based 

assumptions. Since this is the first attempt to compare them, our article illustrates where new 

knowledge has to be established for others (and ourselves) to come to more accurate conclusions.  

We would have preferred to use only 2009 data, but the volume of data available from a single year 

is low. Instead we used additional data from multiple years with the knowledge that cocaine 

consumption in Norway has been relatively stable over the last decade, see 2.1, and this justifies the 

use of surveys from different years.  

 

2. The WWTP data collection is poorly described and the estimate provided inadequate. The paper 

states a 6 hour time proportional sample. It is unclear what the sampling frame was- is this a 6 hour 

period of data collection per day? How is flow accounted for? What was the sampling frequency? 

What are the implications for whether the sampling approach reliably and validly represents a single 

day? Intra-day with which I’ve worked show tremendous within day variability for various stimulants 

and their metabolites, it would matter tremendously when the sampling occurred. This is a major 

issue that is not addressed at all.  

RESPONSE: The description of the methodology has been improved to better convey the details. In 

short, wastewater samples were automatically collected every hour for the duration of an entire 

month (n = 720 samples). The hourly samples were pooled to provide 6-hour composites with mid-

points corresponding to 2 am, 8 am, 2 pm and 8 pm for each day of the month. Analysis (LCMS) was 

carried out on each and every 6-hour composite sample (n = 120). The concentration of each sample 

was multiplied by the total volume (L) of wastewater in the given time-period in order to calculate 

the total mass of drug metabolite during that period.  

There is indeed significant variability in the amount of drug metabolite at different times of the day, 

and on different days of the week, and it is for this reason that such extensive sampling was carried 

out. The results do however show a remarkable degree of stability with regard to the weekly totals 

(CV = 0.07).  

 

3. The WWTP data estimate for consumption is inadequate. Degradation or other chemical 

transformations in sewer transit are not mentioned at all. Where are the error bounds? Sampling 
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error, analytical error, flow measurement error, population error and so on. Back calculating to the 

mass of consumed drugs involves many variables and assumptions, the variability associated with 

each of these variables needs to be incorporated into some measure of variability of the estimate.  

RESPONSE: The uncertainty with regard to the measurements of drug metabolites in sewage are 

associated with errors in sampling (5% RSD), flow measurements (1% RSD), chemical analysis (5% 

RSD) and biotransformation of cocaine and benzoylecgonine in the sewer system which is typically 

less than 10 %. Two recent references have been included and the confidence intervals have been 

defined and refined accordingly.  

 

4. The tiny numerator for the cocaine positive drivers seems not much to hang one’s hat upon and 

yet it is the cornerstone of one of the three data sources. It’s also unclear why these data need to be 

weighted given that a carefully drawn representative sampling frame was used to obtain the data. 

The 10% missing and the high likelihood of bias this introduces is troubling. While I appreciate the 

potential of this data source I would consider it quaternary at best.  

RESPONSE: The number of cocaine positive drivers is indeed low, but the data is still interesting 

when compared with the other two methods. The 95% confidence interval is presented: 0.36-1.03%.  

The results were weighted to estimate the prevalence in the total adult driving population during 24 

hours (not only among drivers on the road). For example, a low number of the drivers were included 

during the night and a large number during the day. Therefore, the numbers during the night were 

multiplied with a high weighting factor and the numbers obtained during the day with a lower 

weighting factor to give a representative picture of a 24h period among the population of drivers in 

total. This is explained in Table 2.  

 

The participation rate of 90% is particularly high compared to similar American studies (participation 

rate 67-71%) and European studies (varying from 48 to 100%). It is expected that the prevalence of 

cocaine among the “refusers” is somewhat higher than among participants, even though the study 

was completely anonymous. This would give an even higher prevalence of use on a single day. We 

have included this phrase in the revised manuscript. Note however that the refusal rate was 

particularly high in time periods when people were commuting, either driving to or from work or to 

or from school or kindergarten with children, which suggests that perhaps in these cases drug use 

was not an important reason for refusal.  

 

5. There is inadequate description of how the survey data are combined. How do you know which 

proportion of the total population is represented by the different surveys? This is a critical issue and 

concern whenever survey data are used. Who is being missed?  

RESPONSE: We have described that socially integrated cocaine users were assumed to be measured 

by population surveys, which usually are based on people having an address and that it is likely that 

they can be reached at that address. From surveys on alcohol use, where population survey results 

can be compared to sales figures and figures on un-registered consumption, we know that large 

underreporting is present. Since cocaine use is illegal, it is generally assumed that item non-response 

is even higher than for legal alcohol use in population surveys. But we have no sales figures to 

compare to. Then we know that those without a permanent address, those who often move 

between addresses and those who have periods in prison and in treatment (marginalized users) 

have a zero or low probability of being reached. Therefore we have added information from surveys 

among people in such groups. This is generally accepted knowledge among researchers studying 
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drug use by surveys. There is no “gold standard” that can be used to define a comparison against the 

combined user rates or consumption, but the roadside survey is an interesting candidate for 

comparison of user rates, and wastewater measurements are an interesting candidate for 

comparison of consumption. Agreed, we may have missed some and perhaps the measurements of 

doses and number of doses per day may be troubling, but it is for this reason that these points are 

highlighted in the discussion.  

 

6. And, when it comes to snorting cocaine, what do you know about the characteristics of users that 

can be used to properly weight the data? I don’t know the dynamics of snorting cocaine in Norway. 

Where I live and work this is a route of administration associated with infrequent use among less 

involved drug users (as implied in the paper), so the IDU and prison populations wouldn’t be too 

relevant (but then the prisoners report regular usage- was this intra-nasal, what mass daily?). The 

overall issue of how this combined sample was created is problematic. At minimum I’d explain it and 

add a couple of sensitivity analyses with different weights to get a sense of how much range there 

might be in the estimate. There’s lots of speculation about “under-reporting” of survey data in the 

paper I’d appreciate at least as much attention to what populations are being included and how they 

do or do not reasonably combine to a total and complete population. Sections 2.4 and 3.3 seem very 

weak and poorly justified.  

RESPONSE: We estimate that 73 percent of cocaine consumption is by the socially integrated users 

(almost exclusively snorters) and additional unpublished results show that injecting is not the 

dominating mode of cocaine administration among marginalized users in Norway. This justifies the 

choice of snorting as the basis for excretion rates.  

We acknowledge that sensitivity analysis is a common tool to illustrate variation in parameter 

values, and we considered doing such an analysis with regard to the rate of overlap between the 

prison population and the IDU survey, but this will have had very little impact on the final figures. In 

addition, it may be possible to make assumptions regarding overlap between measurements by 

population surveys and by prison survey/IDU survey, but we have no indication how large this 

overlap would be. Overlap would reduce the consumption estimate so a sentence on this is included 

in the discussion section.  

 

7. What is the geographic overlap of catchment areas for each of the 3+ data sources? Potential 

bias?  

RESPONSE: In all cases the catchment area is defined by the municipal boundary which ensures 

excellent overlap between the data sources and limited potential for bias.  

 

8. It’s unclear how you get from past year use to amount used on an average day. If there is strong 

temporality in the WWTP day, e.g. weekends, could you have done a stronger analysis that focused 

on weekends? I’m guessing survey data didn’t address day of week, so probably not.  

RESPONSE: See new notes in Table 3 for an improved explanation of calculation methods. Yes, there 

is strong temporality in the WWTP data (weekends v weekdays), but this could not be fully explored 

in the present study because the population survey data did not address this.  

 

9. Line 104-105 confusing how the prison population reports relatively high rates, but the 

“marginalized” low, and that they are described as separate populations.  

RESPONSE: This is what we find in the two surveys. We describe an overlap of 20 percent of the two 
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populations, not as two separate populations. It also justifies our assumption that the overlap 

between the prison population and the IDU population is not very high. In the prison survey, 26 

percent reported injecting drug use (regardless of type of drug injected). It may be that this indicates 

an overlap between socially integrated users and the prison population. But being in prison reduces 

the chance of answering a population survey.  

 

10. Line 107- how is purity incorporated into any analyses presented here? Purity only seems 

relevant if the average mass of cocaine product ingested is known. And, it seems it’d only matter if 

you had a large and heterogeneous cocaine using population and you were attempting to create 

some sort of average across routes of administration and forms of the drug. Aren’t users on average 

trying to get roughly the same amount high over time? [also Castiglioni doi: 

10.1016/j.watres.2011.07.017 have presented ways to determine smoked cocaine in wwtp derived 

samples]  

RESPONSE: Purity is used to scale/normalize the self-reported cocaine consumption estimates. As 

highlighted in the text, cocaine use in Norway is strongly dominated by nasal insufflation so it is this 

mode of administration and form of the drug that is the focus of this study. It is indeed possible to 

measure pyrolytic metabolites of cocaine in wastewater, but this is not generally relevant for the 

Oslo population.  

 

11. Line 184 - You seem to be taking the cross sectional prevalence of cocaine use in drivers and 

combining with a use frequency from the surveys. This seems problematic, these may be different 

populations and you are combining measures across them without any evidence this is appropriate.  

RESPONSE: In a previous study it was found that the use of medicinal drugs was under-estimated by 

17-59% when using data from a roadside survey of drivers compared to actually dispensed amounts 

in the studied area. For the use of cannabis the results from a roadside survey was similar to self-

reported data. We therefore expect that using data from a roadside survey will under-estimate the 

use of cocaine in the adult population somewhat. A comment to this effect is now included in the 

manuscript with the appropriate reference.  

 

12. Line 278 A brief mention of how UNODC creates their average cocaine consumption estimate 

would be very helpful, particularly in light of all the various approaches used in the paper.  

RESPONSE: The UNODC estimate is based on empirical data including population surveys from a 

small number of locations and uses assumptions with regard to the importance of drug availability 

and the effectiveness of law enforcement. A comment in the manuscript has been added to this 

effect.  

 

13. In sum, while I very much appreciate the effort (and clearly it was a lot of effort), the paper as is 

has a lot of problems that need to be addressed in terms using temporally aligned data, describing 

the data well, thinking about how to construct the various estimates and in terms of adequately 

incorporating and describing the statistical variability.  

RESPONSE: We thank the reviewer for appreciating the large amount of effort required to undertake 

such a study. We acknowledge that there are some potential shortfalls in the study. Most stem from 

the fact that this study was by no means conducted in a perfectly defined “clinical” back-drop, but 

few things ever are. We have been open about our assumptions and calculations. This paper is not a 
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description of the perfect way to conduct such a study, but more a description of the best possible 

method we found with our particular set of conditions, data and inadequacies. 

VERSION 2 – REVIEW 

REVIEWER 

 

Caleb J. Banta-Green, PhD MPH MSW  

Alcohol & Drug Abuse Institute  

University of Washington  
 

REVIEW RETURNED 05-Sep-2012 

 

GENERAL COMMENTS Results sentence in the abstract is still unclear "..."highlighted as a 
significant source of uncertainty..." please clarify your meaning.  
The first sentence of the introduction is an old citation and there 
have been major recent declines in cocaine in the U.S. and 
increases in Europe. This doesn't matter for the time period of data 
used, but indicates international changes which should further 
motivate this work. I would describe and briefly discuss this.  
2.1 Term "recreational" user should be defined e.g. a regular, but 
occasional/infrequent user in contrast to a regularly using 
dependent/addicted user.  
2.1 Why mention purity? Describe why it matters.  
2.2 line 23 "specific donor". You got verbal consistent for 
identifiable biological materials? Seem unlikely, please clarify.  
2.3 sampling error of 5%? How did you get this. This is very 
complicated to determine and MUST be described. If it's a 
guesstimate, describe it as such. If it was calculated please describe.  
Flow measure of 1%? This is unbelievably low. This is per 
manufacturer or actually measured/estimated?  
Line 48 you expect no transformation of cocaine-bze in the sewer 
line? This seems unreasonable. Any estimate of the direction or 
scale of change expected? As is it makes this sound like it's not an 
issue when it is a known problem with cocaine-bze estimates.  
2.4 line 23 "BY 20 percent"  

 

VERSION 2 – AUTHOR RESPONSE 

Reviewer: Caleb Banta-Green  

1. Results sentence in the abstract is still unclear "...highlighted as a significant source of 

uncertainty..." please clarify your meaning.  

RESPONSE: The statement “…little or no data on the quantities consumed by individuals is available, 

and much of the existing data is contradictory” has been added to clarify the meaning.  

 

2. The first sentence of the introduction is an old citation and there have been major recent declines 

in cocaine in the U.S. and increases in Europe. This doesn't matter for the time period of data used, 

but indicates international changes which should further motivate this work. I would describe and 

briefly discuss this.  

RESPONSE: The reference is now up-to-date and we have included a more appopriate description 
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which includes the recent decline in the annual prevalence of cocaine use in the US.  

 

3. Section 2.1 Term "recreational" user should be defined e.g. a regular, but occasional/infrequent 

user in contrast to a regularly using dependent/addicted user.  

RESPONSE: A short statement with the definition is now included.  

 

4. Section 2.1 Why mention purity? Describe why it matters.  

RESPONSE: Consumption estimates within this study are purity adjusted. This is particularly 

important when comparing self-reported consumption (of street-level cocaine) with measurements 

of cocaine metabolites in sewage as the two estimates must be aligned.  

This short segment describing the purity has been moved to the methods section as it better suits 

the context of method-explanation rather than background info. It is also made clearer that 

consumption estimates are purity adjusted.  

 

5. Section 2.2 line 23 "specific donor". You got verbal consent for identifiable biological materials? 

Seem unlikely, please clarify.  

RESPONSE: Verbal consent is provided by the driver (or “donor”) to provide an anonymous oral fluid 

sample which is later analysed for various pharmaceuticals and illicit drugs. After analysis it is not 

possible to identify a particular driver/donor from an individual analytical result as only generic 

information such as age, sex and geographical sampling location were recorded at the time of 

collection.  

 

6. Section 2.3 sampling error of 5%? How did you get this. This is very complicated to determine and 

MUST be described. If it's a guesstimate, describe it as such. If it was calculated please describe.  

RESPONSE: Sampling error is an estimate/approximation based on previously published analysis of 

the uncertainty related to sewage analysis (Lai et al, 2011). This takes into account the type of 

sampling performed and the specific nature of the sewage network in question. The wording in the 

manuscript has been adjusted to make this clearer.  

 

7. Flow measure of 1%? This is unbelievably low. This is per manufacturer or actually 

measured/estimated?  

1% is as per manufacturer specification. The figure and subsequent error calculations have therefore 

been amended in the manuscript to account for a 4.2 % measured operational error.  

 

8. Line 48 you expect no transformation of cocaine-bze in the sewer line? This seems unreasonable. 

Any estimate of the direction or scale of change expected? As is it makes this sound like it's not an 

issue when it is a known problem with cocaine-bze estimates.  

RESPONSE: Biotransformation of cocaine and benzoylecgonine is accounted for in the uncertainty 

associated with the measurement of the mass of benzoylecgonine in the sewage network.  

In section 2.3 we state that the uncertainty associated with biotransformation of cocaine and 

benzoylecgonine in the sewer system is typically less than 10 %.  

Cocaine degrades to form benzoylecgonine in sewage. Benzoylecgonine also degrades, but the final 

measureable concentration of this compound is also a function of its formation from cocaine (in 

sewage transit). If cocaine levels are high enough, then the concentration of benzoylecgonine can 

increase in transit.  
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The dynamics of the sewage network in this study are well understood, and with a sewage residence 

time of 5-7 hours we expect a (net) change of benzoylecgonine of less than 10 %.  

 

9. Section 2.4 line 23 "BY 20 percent"  

RESPONSE: Corrected, thankyou. 
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