Trace organic compounds in wastewater-loaded lowland River Erpe

Key findings from 12 years of research
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Introduction

The increasing concentrations of trace organic compounds (TrOCs) in water bodies
worldwide are a major concern. It is important to better understand the

behavior and retention of TrOCs in the environment, in addition UpstreSaitrg
to reducing TrOC concentrations and improving knowledge

. . . Site Downstream =
of their ecotoxicological effects.
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= urban lowland river in Berlin & Brandenburg receiving high River Erpe
loads of treated wastewater (usually 60 — 90 %)

= excellent study site as TrOC concentrations are exceptionally high
compared to most other German rivers, so that processes can be
reliably studied without much analytical effort

" diurnal fluctuations in discharge and Site
electrical conductivity Elsengrund

= discharge: 0.5 m3 s

Study site River Erpe l
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= in 2011, gaining conditions (infiltration of ground- & : -b

water into River Erpe) at site DEF prevented § f “’

import of TrOCs into the hyporheic zone !
= today: lower groundwater levels lead to loosing I I T

conditions (exfiltration of river water into the " ndomathacn(bg) . Dioenac(gl)

aquifer) along the entire river reach
= at site ABC attenuation of several TrOCs, e.g. indomethacin,
naproxen, ibuprofen, despite strictly anoxic conditions

Fate of organic micropollutants in the hyporheic zone of a eutrophic lowland stream:
Results of a preliminary field study
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Increased TrOC attenuation in (sub-)oxic

E i diatrizoic acid gabapentin
zones of hyporheic zones (HZ) : = 1 .
= steep redox gradients in the top 20 cm of the HZ § 1L " ' ' l
= some TrOCs (e.g. carbamazepine, venlafaxine) I .

are very stable in the HZ
= attenuation of many TrOCs (e.g. gabapentin, diclofenac,
acesulfame, benzotriazole) strongly redox dependent,

i.e. significant decrease under oxic/suboxic (denitrifying) w ,
conditions, no decrease under anoxic conditions :

= several TrOCs (e.g. diatrizoic acid, sulfamethoxa ZO|E) Jna b Seaper - ke sehr . Gunnar Namann ke pusten 55
show a redox-independent but weak attenuation

Fate of TrOCs in streams depends on both

compound and stream characteristics

= depending on the TrOC and its degradation pathways,
the removal efficiency differs in different river sections

= photolysis dependent on shading by riparian
vegetation and in-stream macrophytes

" macrophytes promote biodegradation (large growth
area for biofilms)

= TrOC removal depends on solar radiation, temperature, ot 3 Tempora! vty i tenaston of Pl Orgc
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Bacterial diversity controls TrOC attenuation

= relevant factors for TrOC attenuation are bedforms
(controlling hyporheic exchange) and microbial
community composition in the HZ

= 20 (of 31) TrOCs responded significantly to bacterial
diversity and 4 to both diversity and hyporheic exchange

= half-lives ranged from 0.5 (fluoxetine) to 306 days
(carbamazepine)
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Fate of Trace Organic Compounds in the Hyporheic Zone: Influence in the hyporhelc zone of urban
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Retardation of TrOCs in the HZ

Qutlet, = retardation is more important for most
compounds than previously assumed
= some TrOCs are stable (8 out of 22), others
have half-lives from 0.1 h (iopromide) to —

17.1 h (metformin)

Fate of Trace Organic Compounds in the Hyporheic Zone: Influence
of Retardation, the Benthic Biolayer, and Organic Carbon
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Residence time distributions (RTDs) are important

for the evaluation of TrOC attenuation

* numerical modelling of hyporheic TrOC transformation based
oh a non-parametric residence time approach combined with
multiple sorption models and first order reactions

" the exact shape of the RTDs is important for the determination
of the reactive parameters

-1 Transport !

me Transport + Retardation

we Transport + 1st order Reaction

mem Transport + Retardation + 1st order Reaction
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Sampling along flow paths is essential for

process understanding

= pore water sampling along flow paths is challenging

= novel experimental setup for presetting hyporheic flow paths

= sampling along flow paths allows sampling of the same water
parcel and thus reliable recording of biogeochemical turnover
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Attenuation of trace organic compounds along hyporheic flow paths in a
lowland sandbed stream
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Ecosystem effects of the HZ on TrOCs only

with sufficient hyporheic exchange

" hyporheic attenuation of TrOCs is relevant for a
stream if both the TrOC attenuation in the HZ is high
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Hyporheic Exchange Controls Fate of Trace Organic Compounds in

an Urban Stream streams
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The HZ is an efficient bioreactor

" natural bioreactor responsible for the impressive
self-purification capacity of streams including
TrOC removal

= the HZ is a reactive urban interface that reduces
TrOC concentrations

Is the Hyporheic Zone Relevant beyond the
Scientific Community?

& all aforementioned papers
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