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Abstract 
 

Leaching is one of the major processes occurring when organic litter is decomposed and 
is often completed within a few days when litter enters aquatic environments. It is 
important that leaching is addressed when studying microbial and invertebrate 
decomposition rates in order to avoid overestimations. The traditional litter bag method 
that has been used to measure decomposition rates in both terrestrial and aquatic 
environments has in recent years been challenged by the new and widely adopted tea 
bag index (TBI). Both methods, however, fail to bring a standardized methodology for 
separating and recognizing weight losses of litter due to leaching and biotic 
decomposition. Through a field experiment in two streams with different water 
discharge, this study has focused on exploring the leaching phase and post-leaching 
phase of the tea products used in TBI. The results unveiled that 20% of rooibos tea’s 
and 44% of green tea’s initial weight was lost to leaching within three days (72 hours) 
of the experiment. After the 72nd hour, both teas remained in a stabilized phase until the 
end of the experiment (120 hours). Water discharge had no significant effect on neither 
of the tea-weights during or after the leaching phase. This study recommends that 
weight loss through the leaching phase are taken into account in future studies and 
advocate the development of an updated TBI protocol where leaching losses are 
recognized. If not, overestimations of active decomposition rates will be made and may 
result in compromised conclusions. 
 

Sammanfattning 
 
Urlakning är en av de viktigaste processerna som uppstår vid nedbrytning av organiskt 
material och är ofta slutfört inom några dagar när materialet befinner sig i vattenmiljöer. 
Det är viktigt att den urlakade massan beräknas när studier fokuserade på 
nedbrytningshastigeter av mikrober och evertebrater genomförs, detta för att undvika en 
överestimering av den biotiska aktiviteten. Den traditionella metoden, där torkade 
växtdelar i påsar, har använts för att mäta nedbrytningshastigheter i både mark- och 
vattenmiljöer har under de senaste åren utmanats av det nya och allmänt accepterade 
tepåse-indexet (TBI). Båda metoderna misslyckas dock med att implementera en 
standardiserad metodik för att separera och uppskatta materialets viktförluster genom 
urlakning och biotisk nedbrytning. Genom ett fältexperiment i två vattendrag med olika 
vattenföring har denna studie fokuserat på att undersöka urlakningsfasen och den 
stabiliserade perioden efter urlakningen hos teprodukterna som används i TBI. 
Resultaten avslöjade att 20% av rooibos tes och 44% av grönt tes ursprungliga vikt 
förloras genom urlakning inom tre dagar (72 timmar) av experimentet. Efter den 72:a 
timmen förblev båda teerna i en stabiliserad fas till slutet av experimentet (120 timmar). 
Vattenflöde hade ingen signifikant effekt på någon av tetypernas vikter, varken för 
perioden under eller efter urlakningsfasen. Denna studie rekommenderar att 
viktminskning genom urlakningsfasen beaktas i framtida studier och förespråkar 
utvecklingen av ett uppdaterat TBI-protokoll för att inkludera urlakningens påverkan. 
Om inte, kommer överskattningar av aktiva nedbrytningshastigheter att göras och kan 
leda till äventyrade slutsatser. 
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Introduction 
 
Organic litter mainly decompose through two major processes. First, soluble compounds are 
released from the litter into the surrounding environment in a process often referred to as 
leaching. Second, humification and mineralization of compounds, such as lignin and 
cellulose, occur through microbial colonization and eventually detritivore colonization (Allan, 
1995; Couteaux, Bottner, & Berg, 1995). These processes are true for litter decomposition in 
both terrestrial and aquatic environments, however, they differ in certain ways (Allan, 1995; 
Couteaux et al., 1995). In soil these processes occur simultaneously and the amount of soluble 
compounds resolved heavily depend on the drainage and moisture of the soil through rain, 
flooding and other factors (Couteaux et al., 1995). In water systems these processes are 
generally split into three separate phases along a temporal scale. Phase one (1) is the leaching 
of soluble compounds into dissolved organic matter (DOM) where up to 40% of the initial 
mass can be lost within the first 24 hours of soaking, depending on litter species. Phase one 
generally passes within the first week. Phase two (2) is the colonization of microbes and 
mineralization of compounds and phase three (3) is fragmentation of the litter through 
mechanical means, amongst others, into fine particulate organic matter (FPOM). Both of 
which can take years to complete (Allan, 1995; Djukic et al., 2018; Gessner, Chauvet, & 
Dobson, 1999; Webster & Benfield, 1986). Most of the world’s freshwater ecosystems are 
net-heterotrophic and are dependent on organic matter to enter the water system. The 
breakdown process of organic matter is in turn dependent on biotic and abiotic factors that 
might increase or decrease the decomposition rate. In fact, a 1-4°C change in temperature can 
have a 5-21% change in breakdown rates (Follstad Shah et al., 2017) and initial nitrogen (N) 
content seems to possess a positive correlation to decomposition rates whereas lignin and 
other leaf structures slow down the rate (Roberts, Strauch, Wiegner, & Mackenzie, 2016). 
Other factors like degree of latitudes also seem to be of importance (Boyero et al., 2016). 
However, none of these affect the leaching observed in water systems since the temperature 
and nitrogen content only regulate microbial and detritivore activity. Streamflow, as an 
influencer of decomposition, seems to have an effect through fragmentation and abrasion, but 
not in all cases. Most studies focus on long-term litter breakdown and rarely appoint any 
focus on how leaching is affected by certain parameters (Niu & Dudgeon, 2011; Roberts et 
al., 2016; Webster & Benfield, 1986), despite the fact that leaching is an important part of 
decomposition that requires to be accounted for. 

In the attempt to measure decomposition rates a common method is to create bags 
containing dried plant parts. The litter used in the bags is dried, pre-processed and produce a 
massive leaching once the bags hit the water. This seems to differ the collected, processed 
litter from natural litter since leaching is mostly absent when fresh leaves of certain species 
hit the water (Bärlocher, 1997). Increased leaching, with proportions close to processed litter, 
can be observed in naturally occurring leaf litter if the litter die and dry before entering the 
water system or if the cell structures of living leaves get damaged through freezing 
(Bärlocher, 1992). Also, using collected litter from the riparian zone for decomposition 
experiments bring an uncertainty to the results due to the possibility of litter being pre-leached 
through rainfall and such (Gessner et al., 1999). When conducting decomposition experiments 
leaching must be accounted for, otherwise an overestimation of microbial and detritivore 
activity will be made. Systematic and well-designed methods provided by such as Graça, 
Bärlocher, & Gessner (2007) should be followed to ensure proper handling and reliable 
results (Graça et al., 2007). However, due to a range of limitations and difficulties in the 
traditional litter bag method, a new method has been developed for decomposition studies 
called the tea bag index (TBI) (Ogden, 2017). 

The development of the tea bag index started in 2010, but it had its breakthrough in 
2013 after the publication of an article written by Keuskamp and his colleagues (Keuskamp, 
Dingemans, Lehtinen, Sarneel, & Hefting, 2013; Ogden, 2017). TBI is based on specific tea 
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products produced by Lipton (PepsiCo), i.e. green tea and rooibos tea. One bag of each 
product is buried together in the ground and retrieved 90 days later. Due to the two products 
possessing different breakdown rates, the decomposition rate of the soil can be calculated 
with only one sample pair and an equation supplied by TBI. The method is an alternative to 
the traditional litter bag and offers key benefits including ease of use, cost efficacy and a 
standardized litter (tea) making global comparisons possible (Keuskamp et al., 2013). 
Standardized methods are of great importance when comparing environmental data in the 
long-term and cross-sites. Such a framework is currently lacking and is one of the major 
challenges in current environmental research (Haase et al., 2018; Mollenhauer et al., 2018). 
The traditional litter bag method is still in use, but due to the benefits of TBI projects like 
teatime4science have taken the method globally focusing on a crowdsourcing model for data 
collection (“Teatime4Science – Teabag Index,” n.d.). Today there are over 1200 different 
groups using the method (Ogden, 2017) and over 2000 locations has been sampled 
(“Teatime4Science – Teabag Index,” n.d.). Many academic research projects of varying 
temporal and areal scales have also been adopting the new method. However, the majority of 
these seem to fail at recognizing the leaching phase as a process dependent on abiotic 
conditions and with the possibility of altering the final decomposition rate results (Didion et 
al., 2016; Djukic et al., 2018; Enoki & Drake, 2017; Sarneel & Veen, 2017; Whigham et al., 
2017). Also, Keuskamp et al. (2013) did not discuss leaching when developing the TBI 
protocol through measuring decomposition rates of Lipton tea bags buried in soil. The final 
paper unveils results of rapid initial weight losses in both green tea and rooibos tea within the 
first week. Despite this, the process is not discussed in the paper and as of right now the 
standard protocol of TBI does not handle the leaching issue (Couteaux et al., 1995; Keuskamp 
et al., 2013). In order to ensure the linkage between decomposition rates and 
microbial/detritivore activity an alteration to the standard TBI protocol can be made. By pre-
soaking the tea bags the risk of overestimating microbial and detritivore activity due to 
leaching will be minimized and focused on the biotic activity (Pouyat et al., 2017). 

NETLAKE (Networking Lake Observatories in Europe) ran a citizen science project 
during the summers of 2015 – 2017, using a modified version of TBI for aquatic use to 
measure decomposition rates in water bodies across Europe. NETLAKE employed a 
crowdsourcing model, similar to what teatime4science did for data collection. The modified 
protocol was co-developed with developers of the original tea bag index and calls for multiple 
samples in the same location: three sample-pairs dug into the sediment, three sample-pairs 
laying on top of the sediment and in some cases, three sample-pairs submerged one meter 
below the water surface. All samples are retrieved after 90 days to be dried and weighed 
(“NETLAKE Citizen Science,” n.d.). The modified protocol does not cover, nor explain the 
decision to neglect the leaching phase even though a leaching phase can be observed when 
dried litter is submerged into water bodies (Graça et al., 2007; “NETLAKE Citizen Science,” 
n.d.). 

As the method is adapted to aquatic use without addressing the leaching-losses there 
seem to be a vital knowledge-gap that could question the accuracy of estimated 
decomposition values. In addition, TBI has become a popular, global method in both 
terrestrial and aquatic environments. It therefore seems important to address the leaching 
phase in regard to the products used within the tea bag index for aquatic use. Therefore, the 
purpose of my study was to observe the leaching behavior of these products in an aquatic 
environment. In a field experiment I hypothesize that (1) a noticeable leaching phase of the 
green tea and rooibos tea will occur, (2) a stabilized phase will be observed a few days into 
the experiment (post-leaching) and (3) the leaching phase will be completed sooner in streams 
with higher water discharge than in streams with lower discharge. 
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Method 
 
Field experiment 
The field experiment was conducted in two locations in the Alsterälvens catchment with 
different water discharge. Both locations were subjected to high water flows due to snow and 
ice melt during the experiment, conducted in late April 2018. The first location was a small 
tributary of Alsterälven in Karlstad, Sweden (59.3994, 13.6054 (WGS84 decimal)). 
Characteristics of this location were a mean water velocity of about 0.1 m/s, a width and 
depth of about 1.7 and 0.4 meters respectively and a stream bed of old bricks, cobbles and 
abundant of detritus. The second location was a fast-flowing channel going past a dam in 
Alsterälven (59.3991, 13.6058) characterized by a mean water velocity of about 0.8 m/s with 
a width and depth of about 5.8 and 0.7 meters respectively and a bed of cobbles and boulders. 
A cross-section of both streams was sampled for multiple parameters to ensure similar 
environmental conditions and differed water discharge (table 1). 
 
Table 1. Means of the sampled cross sections. Location 1 had three sample-points (n = 3) along a 1.7 
meters wide cross-section and location 2 had five sample-points (n = 5) along a 5.8 meters wide 
cross-section. 

  
water 

velocity 
(m/s) 

water 
discharge 

(m3/s) 
temperature 

(°C) pH conductivity 
(µS/cm)  

alcalinity 
(mg/L 

CaCO3)  

oxygen 
(mg/L) 

oxygen 
(%) 

color 
(Abs.) 

Location 1 0.1 0.04 6.4 6.9 120.2 9.1 10.3 84.4 0.1 
Location 2 0.8 1.83 6.0 7.1 56.8 7.9 10.9 89.3 0.1 

 
Three replicates per location were conducted to ensure better accuracy of the experiment. 
Each replicate required 17 tea bags of green tea and 17 tea bags of rooibos tea, i.e. a total of 
204 tea bags were required for the entire experiment. All tea bags were marked with ID-
numbers and weighed. The bags were 
then placed, in pairs (one green and 
one rooibos tea), in a security device 
made out of two sheets of chicken wire 
(mesh-size of 13 millimeters) and 
knitted together with steel wire. Extra 
zip ties were added wherever needed. 
One security device held one replicate 
of tea bags, i.e. a total of 34 bags. 
Three security devices were then 
locked to each other using zip ties, 
creating one continuous devices 
containing all replicates for that 
location (fig. 1). This was done for 
both locations resulting in two 
continues devices, one per location. 
This was necessary because of the 
narrow width of location 1 which 
could only fit one security device in 
the cross-section (table 1). Also, by 
connecting all devices in this manner 
only one anchor per location was 
needed. The devices were submerged 
into the streams and were kept in place 
using heavy, flat iron anchors tied to 

Fig 1. The continuous device and the anchor (top 
left). 
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the front ends (fig. 1). Care was taken that the devices were placed in the water column rather 
than in or on the sediment to prevent any breakdown of the tea through microbes or 
detritivores. Tea bags were sampled after 5, 10, 15, 20, 25, 30 and 45 minutes, and 1, 2, 4, 6, 
12, 24, 48, 72, 96 and 120 hours. These points in time were chosen based on a pilot study to 
get a high resolution of the leaching within the first hour as well as to identify the assumed 
stabilized period both of which the pilot study failed to capture. Collected, wet tea bags were 
transported on chicken fence to initiate drip-drying, as an attempt to minimize continued 
leaching, until the bags were placed in the drying cabinet for at least 48 hours at 70°C. All 
bags were then weighed a second time. The total weight, tea weight (the extracted tea), empty 
bag weight, string weight and label weight were logged. Ten new, emptied tea bags of each 
product were also weighed, and a mean weight were calculated. By weighing the tea bags 
before and after the treatments, the leached amount in each submersion-period can be 
determined. All bags were weighed on a scale with an accuracy up to four decimals. 
 
Pilot experiment 
The pilot experiment was carried out in the aquarium facility of the biology department at 
Karlstad University. Water tanks of 200-liters each were filled with tap water and connected 
to circulation pumps (EHEIM classic 600) with a circulation rate of up to 1000 liters per hour. 
Four replicates were prepared. Each replicate consisted of 16 tea bags of each product which 
were suspended in pairs throughout a chicken fence, secured by clothespins. The bags were 
submerged in the water and collected after 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 24, 48 & 72 
hours. After 0.5 hours, when the first samples were collected, the rooibos tea had lost almost 
15% of its initial weight and green tea more than 35% (fig. 2). Weights of both products were 
fast declining up until about two hours and then slowed down. The field experiment’s sample 
schedule was created to capture the first hour of the leaching phase in higher resolution and to 
try let both products reach a stabilized phase. 
 
Analysis 
Remaining mass averages of the tea bags were calculated for each collection-time and 
location. The averages were then transformed through 𝑎𝑟𝑐𝑠𝑖𝑛√𝑥 and imported into SPSS. 
Using an ANCOVA test, time and location (water discharge) were tested for having any 
significant effect on the weight loss of the tea bags. One set of tests was focused on the entire 
time series to include the leaching phase, i.e. from 0 – 120th hour, and one set of tests was 
focused on the stabilized phase post-leaching, i.e. the 72nd – 120th hour. The tea products were 
set as the dependent variable in the respective test, location as the fixed factor and time as the 
covariate. The ANCOVA approach of this paper, rather than the exponential model developed 
by Webster & Benfield (1986) (Allan, 1995), was chosen due to the short duration of the 
study and to leaching being the only cause for weight loss. 

Fig. 2. The mean remaining mass of green tea and rooibos tea from all replicates (n = 4) in the 
pilot study. Bars show standard error (SE). Note that the y-axis starts at 40%. 
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The data were compiled in Microsoft Excel for Mac version 16.12 and analyzed in 
IBM SPSS Statistics version 24. 
 

Results 
 
During the initial two hours of the field experiment, the tea bags experienced a rapid weight-
decline. Past the two-hour mark both green tea and rooibos tea lost weight gradually slower in 
both locations. Rooibos tea seems to have hit a stabilized post-leaching phase in both 
locations after about 48 hours with a mean remaining mass of 79.8% and green tea after 72 
hours with a mean remaining mass of 55.6% (fig. 3). Both teas types in both locations 
remained in the stabilized phase until the end of the experiment, i.e. the 120th hours. The 
ANCOVA analysis that focused on the entire time series revealed a significant effect of time 
on the amount of remaining tea weight (ANCOVA; F1, 108 = 24.521, p = 0.0001 for rooibos 
tea and F1, 108 = 38.927, p = 0.0001 for green tea). There were, however, no significant effect 
of water discharge for either of the teas (ANCOVA; F1, 108 = 0.111, p = 0.739 for rooibos tea 
and F1, 108 = 0.074, p = 0.786 for green tea). The set of tests aimed to focus on the stabilized 
phase, i.e. 72nd – 120th hour, revealed no significant effect of time on amount of remaining tea 
weight (ANCOVA; F1, 18 = 0.143, p = 0.711 for rooibos tea and F1, 18 = 0.025, p = 0.876 for 
green tea). Also, in the stabilized phase there were no significant effect of water discharge for 
either of the teas (ANCOVA; F1, 18 = 2.491, p = 0.135 for rooibos tea and F1, 18 = 3.629, p = 
0.076 for green tea). 
 

Fig. 3. The mean remaining mass of green tea and rooibos tea at the different locations in the field 
experiment. Each data point is the mean of three (n = 3) replicates. Bars show standard error 
(SE). Note that the y-axis starts at 50%. 
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Discussion 
 
The leaching phase identified in the experiment lasted for about 48 hours for rooibos tea and 
about 72 hours for green tea. This is consistent with the current literature where the majority 
of the mass loss for allochthonous matter, i.e. leaves, occur within the first 24 hours and pass 
within a few days (Allan, 1995; Bärlocher, 1997; Gessner et al., 1999; Graça et al., 2007). 
Also, the leaching phase seems to have been successfully isolated from the microbial 
decomposition phase. This is indicated by the stabilized phase that occurred a few days into 
the experiment when the leaching phase had been completed and the microbial decomposition 
phase had not yet started (Allan, 1995; Gessner et al., 1999; Graça et al., 2007). Furthermore, 
the proportions lost to leaching, 20% of rooibos tea’s initial weight and 44% of green tea, are 
relatively consistent with what Pouyat et al. (2017) observed after pre-leaching tea bags in 
water, i.e. 27% weight loss for rooibos tea and 40% for green tea. The proportions are also 
consistent with the chemical analysis presented by Keuskamp et al. (2013) when introducing 
TBI, revealing that rooibos tea’s water-soluble fraction is 22% of the total weight and 49% for 
green tea. However, there was no significant effect of water discharge on the weights for 
either of the tea types.  

There are possible explanations for the stabilized phase being present in this study. 
First, the tea bags were placed within the water column where microbial colonization and 
decomposition rates might be slower compared to in or on the sediment (“NETLAKE Citizen 
Science,” n.d.) and second, the temperature of approximately 6°C in both locations could 
have delayed microbial colonization and activity (Follstad Shah et al., 2017). Also, in regard 
to the varying proportions of soluble compounds observed in the studies, this could possibly 
be explained by variations within Lipton’s tea products or by the alterations that have been 
made to the products since the introduction of TBI in 2013. Lipton replaced the bag-fabric-
material in 2017 to a tighter, non-woven bag compared to the previous woven bag with a 
mesh size of 0,25 mm (Keuskamp et al., 2013; “Teatime4Science – Teabag Index,” n.d.). The 
tea contents of the bags, however, are supposed to have stayed the same. (“Teatime4Science – 
Teabag Index,” n.d.). Since the introduction of the altered products Teatime4Science has kept 
the new tea bags under observation for any change in decomposition rates. However, there 
seem to be no published data on if and how the products differ from each other yet. 

Water discharge had no significant effect on the tea weights during the leaching period 
nor during the stabilized phase. Maybe a water discharge of a magnitude lower than 0.04 m3/s 
or greater than 1,83 m3/s presented in this study could have an effect on leaching. Each tea 
bag had a surface area of approximately seven (7) cm2 when clamped in the security device. 
This means that all tea bags in location one was subjected to approximately 420 liters of water 
per hour (7 L/s) while the tea bags in location two were subjected to about 3360 L/h (56 L/s). 
This eightfold difference seems to have no significant effect on the tea bag weights. The 
soluble compounds seem to make up about 20% of rooibos tea and 44% of green tea and 
leaching should therefore not surpass that. If anything, the leaching should be of the same 
proportion, only completed slower or faster. Although, the weight of both products treated in 
the fast-flowing water of location 1 was slightly lower at the end of this study compared to the 
samples treated in the slow-flowing waters. However, the differences are very minor and 
might be coincidental. 

Randomization of tea bag positions within the security device was limited since 
samples collected during the initial hours of the experiment had to be placed closer to the 
outer edge of the device, where they were more accessible for extraction. This tradeoff was a 
side effect of the security device design. However, this was the only design that was time 
efficient to create, easy to use and did not affect the treatments by blocking water flow. Even 
though the limitation was accepted, this method seems to have been successful due to the tea 
bags mass loss being consistent with the corresponding literature (Allan, 1995; Pouyat et al., 
2017). Great care was taken to not affect the tea bags weight while handling them. However, 
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post-treatment and post-drying the tea fragments had a tendency to stick to the tea bag’s 
inside wall during weighing. By using utensils close to all tea fragments could be extracted 
making the proportion of non-extractable fragments very minor and should not have affected 
the results in a significant way. 

To ensure that leaching will not affect the results, sample tea bags can be pre-leached 
before being used in the experiment by soaking them in water (Pouyat et al., 2017). If litter 
from the riparian zone is used, a pre-leaching process could be of even greater importance. 
There is a possibility that riparian litter could be leached naturally to varying extents before 
being collected, and therefore containing varied amounts of soluble compounds (Bärlocher, 
1992). This would probably not only lead to an overestimation of biotic activity but also skew 
the results depending on the samples (Bärlocher, 1992, 1997; Pouyat et al., 2017). 
Furthermore, when comparing studies conducted in environments differed by temperature, 
latitude, and others, leaching may alter the final results since the mentioned factors only affect 
the biotic decomposition rates, not the leaching (Boyero et al., 2016; Follstad Shah et al., 
2017; Roberts et al., 2016). This is true in both aquatic and terrestrial environments. However, 
when tea bags are buried in soil, all soluble compounds might not be released due to factors 
like soil moisture. In those cases, a part of the soluble proportion is probably degraded by 
microbial and detritivore activity (Couteaux et al., 1995). If it is important to the experiment 
that the water-soluble fraction of the litter is intact upon the experiment, one could maybe 
bury or submerge un-processed tea bags and pre-leached tea bags in pairs to identify the 
leached amount and the decomposed amount. It is not only important to address the 
proportions lost to leaching to ensure credibility of the individual study, but also for scientists 
to present reliable results derived from a standardized methodology that ensures 
comparability between studies within the environmental community (Haase et al., 2018; 
Mollenhauer et al., 2018). TBI brings a standardized litter to the table (Keuskamp et al., 
2013), but seem to fail at introducing a standardized methodology that accounts for 
decompositions two major processes (Pouyat et al., 2017). 

TBI in both terrestrial and aquatic environments seem to possess the same benefits and 
flaws. Cost and time efficiency are two of the most important benefits while one of the 
biggest flaws is the lack of acknowledgment in regard to the leaching phase, especially in 
aquatic environments (Allan, 1995; Keuskamp et al., 2013; Ogden, 2017; Pouyat et al., 2017). 
Due to the differences in terrestrial and aquatic environments the leaching phase might not be 
fully completed and might partly be decomposed through microbial activity (Allan, 1995; 
Couteaux et al., 1995). Note, however, that the protocol for aquatic environments calls for tea 
bags buried in the sediment similarly to the protocol for terrestrial use. It is not known how 
fast or to what extent the bags in the sediment are affected by leaching. 

Rapid and massive weight losses are inevitable when using the TBI in aquatic 
environments. In fact, 20% and 44% of the weight loss through leaching are great numbers 
and they should not be ignored when calculating biotic activity. Ignorance of the leaching 
phase will lead to great overestimations of biotic activity. Surprisingly, only a few studies 
seem to acknowledge the leaching of litter in their papers even though the phenomena of 
leaching are well known. To ensure quality data that is comparable between studies a 
standardized litter is not the only requirement, but also a standardized method that ensures 
that decomposition rates of microbes and invertebrates are properly estimated. The present 
version of TBI for aquatic use is a good basis for such new methodology to be built upon due 
to the standardized litter and straightforward protocol. The implementation of a leaching 
phase identification tool should not be difficult considering that Pouyat et al. (2017) 
successfully pre-leached samples by simply soaking the tea bags in water. Therefore, this 
study suggests that future efforts are made towards ensuring a standardized methodology that 
promotes cross-study comparisons. This is necessary to bridge the gaps in modern 
environmental science (Haase et al., 2018; Mollenhauer et al., 2018). Future efforts could also 
be aimed at understanding how the leaching phase of litter, placed in and on top of the 
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sediment, are affected by different types of sediment in accordance to the TBI protocol for 
aquatic environments. 
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