Quantifying heavy metal poliution along

river profiles using conservative mixing models

JOnaS ESChenfelder, AIeX Llpp, GarEth RObertS Email: jonas.eschenfelderl8@imperial.ac.uk

Department of Earth Science & Engineering, Imperial College London Twitter: @JonasEsch

1. Introduction 3. Predicted baseline & observations 4. Quantifying excess Pb

_5° 45 40 _35° 30 5 45° —4° -3.5° -3 Using an inverse model to unmix downstream sediment [4] creates well-fitting

Increased heavy metal concentrations in river _ :
continuous river sediment geochemical profiles.

sediments can have adverse effects on its

ecosystem, making it vital to understand their >

The inverse model predicts Pb concentrations exceeding the natural baselines.

distribution for accurate hazard assesments [1]. e
42 2
Hazard assesment is often limited by sparse sampling § Tributary sampling the Lowther Hills (red cross in Fig. 1a), a historic Pb mining
and poorly constrained natural baselines. 05 region [5], causes largest increase in concentration at 83 km.
. . g Misfit, log;o(mg/kg) Observed concentrations, l0g;o(mg/kg)
We use novel modelling techniques to calculate excess 55.5° S 06 03 00 0.3 0.6 0 1| 2 .
. . . @) i
heavy metal levels continuously across drainage basins. 3.8 © 5 | b
This is demonstrated using data gathered by the BGS overpredicted Underpredicted | .
from the upper Clyde, Scotland [2]. 36 40 | , - Overpredicted 5
' . Baseline ° S
Inverse Model | : L 4ees £
Height above sea level (m) Symmetrlca”y ! ConSIStently °..° © 6 &% foles® e, °© c‘?.,
X i 400—:1 CL SCM GG SC EM FlL M Fig. 2 Source region and predicted baseline of Mg: a) Source region geochemistry found by = distributed . under-predicts | oL ] 2;
SDD._E . D._S.SO interpolating G-BASE first-order stream sediment samples. b) Continuous downstream river sediment 3 g i downstream Pb ‘?o‘.;'@w e 2
560 - | .‘ e geochemistry, the natural baseline, predicted by conservative mixing [3]. g Eranrlos:ilrg 210 | concentrations g. . ‘%
(8( / . e 4 Observed concentrations, log;o(mg/kg) 207 i i . ) §
¢ - 5 1 2 3 4 5 | RMS misfit between Underpredicted 3
, 6 o 'y | l | — . g - 10
Sk \ . b ° c | Mg predictions and '3
o R | RMS: 0.16 0 : e
sy # 5 i i . observations
5.5 & 55 - @ 4E i dec.reases by 0.248 . . .45 ossi
Lo, g3 Overpredicted _ . 8 | for inverse result. Inverse R: 0.333
&?{_/ LF e ." o g — : 20 — 0 - - T T T 0
< < :\J : | o i 3_:% | = ] | 1 | ]
” 5 Inverse Model
- . - 8 . 0.13K 3.0 exceeds toxic [
- g, Underpredicted | > 2 i | . E threshold levels
: | E throughout -
: 8:2.5 Inverse Model Result \\\ \\ 9
| 1 — ! 20 — :%- \ \
555 5.0 3 | 1 ] gz-o ] /\\\\\ \ \ ___________ —
.5° — 55.5° o
i Mn 2 Natural baseline - R S
45 . e e . Ko+ | RMS: 0.24 ) B = e iy i
& « = < .. '-‘ B .T{l - 8 __3.0rnis o . i 40
4.0 - y — o y - !
45 40 -35 ; .l I 1.0 Downstream Upstream
| a5 e * . s ’ . Coe ) b - 20 7 0 20 40 60 80 100
Fig. 1 Study Area: a) Topography and drainage network. Hashed S s — - . — A . “ @ . 20 40 Distance along profle, km 50 100
polygon: Glasgow. Red cross: Lowther Hills. b) Geologic map. c) G-BASE €304 ’ . Vb 5 J | | | | .
i | in. Circles: g : : . 0o
ﬁDZ)S\/t\;r?;Sree;f:\rgZ;?rzzmps!:?ﬁ dI)e;JIOIOer clyde drainage basin. Circles: 525 - i | RMS: 0.10 T Added mass between 90 and 40 [ °%
. 5 . o ) . - | 40 : km shows tributaries sampling [ <
2. Generating a baseline [N ‘- iely pollution sources | 1
: ingab I _ ol affinit T - .
15 Elements across geochemical affinities and 1 Total Excess mass: 9708 kg/yr - 2 §
o Dowpst,egmppnclenjzra’glor?s f!tteld vyelllbylcolnselrvaltlvle MIXING.  [ypsirean| _ | | | | . . 0
The source region geochemistry is estimated by 0 20 w0 60 80 100 06 -03 00 03 06 Fig. 4 Predicted excess I.Db along thg upper Clyple: a) Histogram of misfit betw-ee.n predictions and.
interpolating first-order stream sediment sample Distance along profile, km Misfit, logso(mgrkg) observations. Green/black: inverse predictions/baseline. b) Cross-plot between predictions and observations.
_ : P Fig. 3 Predicted baseline compared to observations: a) Map of upper Clyde drainage basin. White Solid/open: results from inverse model/baseline. c) Concentration of Pb and excess Mass along the upper
data.' from the Geochemical Base.“.ne Survey.Of the circles: Loci of downstream observations. b) Cross-plot of baseline results and observed concentrations. Clyde. Circles: Measured Pb concentrations of main river. TEL/PEL: Threshold and Predicted effective level for
Environment (G-BASE) by the British Geological Survey Dashed line: 1:1 relationship. c) Histograms of misfit between baseline and observations. Note the Root- toxicity in river sediments [1].
(Fig. 1c & 2a). mean square error (R) in top right. d) Concentrations along main chanel profile. Lines: Natural baseline
concentration. Circles: Observed concentrations of downstream samples. 5 Co n C I u S i O n S
|
Using a conservative mixing model [3], continuous Most elements follow the natural baseline well with only minor local variation.
downstream river sediment geochemistry is Conservative mixing reliably predicts the concentrations of many elements that
predicted (Fig. 2b & 3d). Only the heavy metals Pb, Cu and Zn are continuously underpredicted (Fig. 4). occur in nature along rivers.
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