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Supplementary Information Text 1 
Extended Description of Methods. 2 

Methods 3 
Field Sampling 4 
 5 
Benthic Macroinvertebrates  6 
 7 
 Macroinvertebrates were collected from five sampling points in the littoral zone of 8 

each mining pit or oxbow lake, using a D-net or sweep net with 500 um nylon mesh. Gastropods 9 

(Family: Caenogastropoda) were collected manually from the underside of submerged vegetation 10 

and rocks. All macroinvertebrates were sorted to family level in the field and placed in Whirl-Pak 11 

bags with water from the pit or lake. These organisms were kept alive for 24-48 hours to allow the 12 

gut contents to clear and then were rinsed with water and stored on ice until they were frozen and 13 

later freeze-dried.   14 

 15 
Fish Muscle Tissue Collection 16 
 17 

At each mining pit or oxbow lake, a nylon gillnet composed of three nets with 5, 7.5, and 18 

10 mm mesh openings was deployed for between 12-24 hours to capture target fish groups. 19 

Three taxa of fish were targeted for muscle sample removal – Hoplias malabaricus, Hypostomus 20 

spp., and Serrasalmus spp. These three species were selected because they were common to all 21 

sampled sites and spanned multiple trophic levels from algivore (Hypostomus spp.) to piscivore 22 

(Hoplias malabaricus and Serrasalmus spp.). A maximum of three individuals from each species 23 

were selected from those captured in the gill net. If greater than three individuals were captured in 24 

the net, the size and weight of all the captured fish were compared and the three individuals most 25 

intermediate in size were chosen for muscle sample removal.  26 

 27 

Once the individuals were selected, they were placed in a bucket filled with water from 28 

the pit or lake with Alkaseltzer Gold dissolved in it - three, 3-gram tablets of AlkaSeltzer gold per 29 

400 mL of water (1). Fish were monitored for locomotor function and once they were fully 30 

anesthetized they were measured to the nearest cm and weighed. A 6 mm biopsy punch was 31 

then inserted just below the dorsal fin on the lateral side. The wound was then filled in with a 50-32 
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50 mixture of Fixodent denture cream and antimicrobial ointment, and fish were released to the 33 

pit or lake. Samples were labeled, triple bagged, and stored on ice in the field until they could be 34 

fully frozen.  35 

 36 
Riparian Spider Collection 37 
 38 

Two families of spiders were targeted for collection – Araneidae and Tetragnathidae. 39 

These families have been used in prior studies on contaminant transfer through aquatic subsidies 40 

(2-5). Both families of spiders are commonly found in the riparian vegetation growing in and 41 

around mining pits as well as in unmined oxbow lakes. Hand collection of spiders occurred 42 

anywhere from dusk (18:00) to midnight (0:00) for a maximum of three hours or until ~100 spiders 43 

of each family were collected.  44 

 45 
Sediment Collection 46 
 47 

To assess differences in mercury loading into pits and unmined lakes, we collected 48 

sediment samples for analysis of total mercury concentration. Three surface sediments samples 49 

were collected at each mining pit or oxbow lake using an Ekman dredge. Sediment samples were 50 

collected at three points along an imaginary transect bisecting each waterbody, representing the 51 

longitudinal distances 25%, 50%, and 75% from the shoreline. Sediment samples were triple 52 

bagged and placed on ice until they could be processed.   53 

 54 
Sample Processing 55 
 56 
 Biological samples including fish muscle tissue, benthic macroinvertebrates, and 57 

riparian spiders as well as sediment samples, were kept on ice during field collection and were 58 

subsequently freeze-dried at -56°C for 72 hours using a Liotop freeze-drier (Model No. L101, 59 

Liobras Co., Sao Carlos/SP, Brazil) at the Mercury and Analytic Chemistry Environmental 60 

Laboratory (LAMQA) in Madre de Dios, Peru. Upon arrival at the University of California, Berkeley 61 

the samples were homogenized using a mini-beadbeater (BioSpec Products Inc., Bartlesville, 62 

OK, USA) and subsequently processed by the Center for Stable Isotope Biogeochemistry 63 

(Berkeley, CA, USA). Sediment samples were homogenized using a mortar and pestle and 64 
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analyzed for total Hg using EPA Method 7473 (6) at the Carnegie Institute for Global Ecology 65 

(Stanford, CA, USA). 66 

 67 
Sample Analysis 68 
 69 
Total Mercury Analysis 70 
 71 
Samples were weighed before and after freeze-drying in order to calculate percent moisture. 72 

Duplicate measurements were taken for each fish, macroinvertebrate, riparian spider, and 73 

sediment sample analyzed for Hg, and the two results were averaged for the reported result. 74 

 75 

All muscle samples of fish, composite samples of spiders, and composite samples of 76 

macroinvertebrates, as well as sediment samples were analyzed for THg on a Milestone Direct 77 

Mercury Analyzer-80 in the Carnegie Amazon Mercury Project Laboratory at the Carnegie 78 

Institute for Global Ecology (Stanford, CA, USA). Blanks, duplicates, certified reference materials 79 

(TILL-3 and DORM-4, National Research Council of Canada) and a lab working standard (liquid 80 

mercury standards) were analyzed after every ten samples. After ten samples both an internal lab 81 

standard (liquid mercury standards) and an external certified reference material were analyzed. 82 

The overall mean % recoveries of TILL-3 and DORM-4 were 102% (n = 9) and 108% (n = 15), 83 

respectively. Mean relative difference between duplicates was 1.1% (n=42). 84 

 85 

Stable Isotopes of 13C and 15N 86 
 87 

Freeze-dried and homogenized fish muscle tissue, composite macroinvertebrate samples, and 88 

riparian spiders (approximately 1.5 mg of each sample) were weighed into tin capsules and 89 

analyzed on a CHNOS Elemental Analyzer interfaced to an IsoPrime100 mass spectrometer at 90 

the Center for Stable Isotope Biogeochemistry (University of California, Berkeley, CA, USA).  91 
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Fig. S1. Average total mercury sediment (THgSed) concentrations across mining pits in sites 
worked with different extraction technologies and unmined, background reference sites. Letters 
refer to the results of a post-hoc Tukey HSD test. Error bars represent ± 1 SE. 
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Table S1. Total inorganic mercury (THg) concentrations (mg/kg) in all taxa sampled across sites 
worked with different technologies and unmined, control site. Values reported as mean ± 1 
standard deviation with sample size in parentheses. For cells with less than two samples, only the 
mean is reported. N/A indicates that these taxa were not found in pits or lakes at the indicated 
site. 

 
  

Taxa Mean THg 
Concentration: Control 

Mean THg Concentration: 
Heavy Machinery 

Mean THg 
Concentration: Suction 

Pump 
Belostomatidae 0.285 (2) 0.073 (1) 0.98 ± 0.78 (6) 

Caenogastropoda 0.07 ± 0.03 (3) N/A 0.14 (1) 
Gomphidae 0.09 ± 0.010(3) 0.12 ± 0.03 (3) 0.23 ± 0.07 (4) 
Libellulidae 0.11 ± 0.06 (3) 0.10 (2) 0.35 ± 0.25 (7) 

Polymitarcyidae N/A 0.05 (2) 0.15 ± 0.11 (4) 
Nepidae N/A 0.57 (2) 1.94 (2) 

Hypostomus spp. 0.42 (2) 0.38 ± 0.11 (9) 0.76 ± 0.13 (8) 
H. malabaricus 1.66 ± 0.63 (9) 3.41 ± 0.78 (9) 8.07 ± 3.25 (11) 

Serrasalmus spp. 2.80 ± 2.31 (12) N/A 10.24 ± 7.37 (7) 
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Table S2. Water quality data individual sampling points in either unmined sites or sites worked 
with heavy machinery (HM) or suction-pump based (SP) technologies. Data collected using a 
Hanna Multiparameter (Model No. HI98194). All samples taken at a depth of 60 cm. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site ID Site Type pH 

Oxidation 
Reduction 
Potential 

(mv) 

Dissolved 
Oxygen 
(PPM) 

Conductivity 
(µS/cm) 

Total 
Dissolved 

Solids 
(PPM) 

Temperature 
(°C) 

RNT001 Unmined 6.78 316 7.63 31 16 26.2 

RNT002 Unmined 6.38 203 3.9 21 11 24 

RNT003 Unmined 6.15 273 2.11 25 38 26.7 

RNT004 Unmined 6.72 294 8.27 20 10 25.6 

PAO001 Suction 
Pump 7.39 278 7.45 75 38 27.7 

PAO002 Suction 
Pump 7.32 270 6.13 71 36 25.8 

PAO004 Suction 
Pump 6.98 246 0.295 103 52 26.6 

AZU001 Suction 
Pump 6.68 217 2.85 68 34 29.8 

AZU002 Suction 
Pump 6.64 292 4.71 21 6 29.6 

SR002 Suction 
Pump 6.2 312 4.26 13 7 24.7 

SR004 Suction 
Pump 6.18 319 4.28 21 11 24.6 

HUE001 Heavy 
Machinery 6.93 277 9.39 22 11 23.7 

HUE004 Heavy 
Machinery 6.83 292 9.14 24 12 23 

HUE005 Heavy 
Machinery 6.45 293 7.05 21 10 22.5 
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