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Additional file 1: Quantification of rubber granules in soil and sediment

Approach 
Synlab has developed a method to quantify number of grains by physically separating the granulate grains from the soil matrix. Samples were taken into treatment with two different types of matrices, soil and sludge. These samples / matrices differ considerably, so it was decided to develop and use two different methods for this. The aim of both methods is to efficiently remove physically as much of the matrix as possible with as little loss of rubber granulate as possible. However, it is impossible to prevent the loss of granulate during separation, also because of the visual assessment. A number of tests have therefore been performed to estimate the loss of granulate, both in critical individual steps and as well as across the entire method. In addition, it is also possible that material, not being rubber granulate, remains in the granulate fraction, which can lead to an overestimation of the amount of granulate. This can occur especially in sludge samples, because the organic material content is high. The final assessment of whether material isolated in this way concerns rubber granules or other material is based on the following criteria: shape, color, size, brittleness, hardness and density. Due to the unique characteristics of the granulate, this has proven to be a robust way to identify it as rubber. 

Preliminary investigation 
The density property was chosen as a parameter to separate the granulate from the organic and inorganic matter. It was estimated that rubber granulate would have a density of around 1.2-1.6 g / cm3, based on the density of different rubbers. This is higher than much organic matter and lower than inorganic matter. The density can be increased towards 1.5 g / cm3 by means of salting water. To test this hypothesis, rubber granulate has been added to different salt and sugar solutions of different concentrations. This showed that the granulate increasingly floats with increased concentrations of salt and sugar. For all follow-up research it was decided to continue with CaCl2, because of the availability and the high density that could be achieved. Subsequently, it was tested how effective the density separation would work. In other words, how much granulate would be lost because some of it floats / remains on the bottom. For this, four tubes were filled with water and four tubes with saturated CaCl2. A counted amount of granules was added to this, vigorously shaken and then the distribution was visually determined between the floating and sunken particles. It appeared that in water between 2.0-7.1% of the granulate floats, and in the saline it is 95.1-98.3% (see Table S1). The total loss of granulate via this method would go to approximately 15%. Based on these results, it was decided to use this as the starting point for the filtration of granulate from the soil samples.
Additional file 1: Table S1. Distribution of granules between top (floating) and bottom (precipitated)in water and saturated saline solution.


	Matrix
	Experiment
	# granules added
	Number and position of the granules

	
	
	
	# top
	# bottom
	% top
	% bottom

	Water
	1
	33
	1
	32
	3.0
	97.0

	
	2
	50
	1
	49
	2.0
	98.0

	
	3
	94
	5
	89
	5.3
	94.7

	
	4
	28
	2
	26
	7.1
	92.9

	Saline solution
	1
	61
	58
	3
	95.1
	4.9

	
	2
	59
	58
	1
	98.3
	1.7

	
	3
	109
	105
	4
	96.3
	3.7

	
	4
	61
	58
	33.0
	95.1
	4.9





Preprocessing method 
For soil samples, the entire sample (1 pot) was processed up to a maximum of approximately 150 grams. The soil is first mixed well and then transferred to a 200 ml glass bottle. This is supplemented with water up to the neck, shaken vigorously for 5-10 minutes and then allowed to stand for 10 minutes with the intention of sedimenting sand and granulate. The water has been carefully poured to remove organic material (leaves, twigs, etc.). The washing procedure was then repeated 2 more times. Saturated saline solution (75-125 ml) was then added to the bottle, shaken vigorously for 1 minute and then centrifuged at 1500 rpm for 10 minutes. After centrifugation, the floating material was collected in an aluminum cup, by means of decantation or scooping. Obviously organic material has been removed as much as possible during the transfer. Then it was visually checked whether granulate was still visible on the bottom of the bottle and, if possible, collected manually. As a final step, the material in the aluminum cup was washed several times with 5-15 ml water. Floating material was carefully decanted there and non-granulated material was removed with tweezers (such as small stones and heavier twigs that do not float). In the case of sludge samples, the entire sample (1 pot) was also processed. The content was first sieved wet over 4, 2, 1 and 0.5 mm. Fractions 2 mm, 1 mm, and 0.5 mm are collected and then dried at 105 ° C for 1-2 hours. (On the basis of tests with the supplied rubber granulate, it has been found that all granules are found on the sieves 2 mm and 1 mm). After drying, the material is transferred to 400 ml glass jars and 18-45 ml of 30% hydrogen peroxide is added and left for 15 minutes, with occasional gentle shaking. This step is to break down and color / decolor the organic material for better visual distinction with the rubber. After that, the procedure is similar to that for the soil samples. The pot is filled with water and carefully poured a few times. After that a saturated saline solution is added. The floating material is collected in an aluminum cup. The contents were washed several times with water and leftover remnants of non-granulated material were manually removed. 
Method to determine the number of particles 
When the estimated number of grains appeared to be below 25-30, the number of grains was counted. The total weight of the granules has been determined for higher numbers. Using the average weight of the grains, the weight can be converted into the number of grains and vice versa. The conversion factor is set at 3.48 mg per grain, determined on the basis of the average weight of 179 grains. A standard deviation of 0.45 mg has been determined for this mean weight. This choice to count up to 25-30 grains is based on a feasible practical implementation, and because from this number the number of grains is statistically enough to have a maximum margin of error of 10% with this conversion factor. (After all, the chance is small that the same average will be found in a small sample) The latter calculation was made using the following formula:

where: n= number of samples, = standard deviation and M = standard error, 16 is a factor that relates to a confidence interval of 95%.

Recovery experiments 
Two experiments were performed with simulated test samples to determine recovery. One for soil and one for sediment. The results are reported in Table S2.
Additional file 1: Table S2. Results of recovery experiments

	Matrix
	Soil in treatment (g)
	Granules added (g)
	Granules recovered (g)
	Recovery (%)

	Soil
	114
	55
	52
	94.5

	Sediment
	500-700
	16
	19
	118.8



