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NORDTEST viewson increasesin colour
and amount of organic matter in surface
walers

SUMMARY

Some regions of the world are blessed with ample amounts of fresh surface water, but its
dissolved Natural Organic Matter (NOM) often poses a serious concern for waterworks.
Increases in NOM have largely been responsible for the unprecedented increases in water
colour over the last 10-15 years that have been reported in the Nordic countries, the foothills
of central Europe, Northern UK and North-eastern US This increase has poised the water
industry to spend hundreds of millions of Euro to deal with the problem. Furthermore, NOM
is the single most important biogeochemical factor in the aquatic ecosystems of the northern
hemisphere.

A multidisciplinary Workshop was held in the Rondane National Park, in the heart of Norway,
on the 22 & 23 May, 2003. The objective of the assembly was to bring together leading
scientist from various fields of research but all involved in the study of causes and
consequences of the changes in quality and quantity of NOM. The Workshop arrived at the
following views and recommendations:

Changes in the amount and properties of NOM are expected to be the most important ways by
which climate change will influence aquatic biota. Moreover, many other social pressures
that are altering NOM amount and quality are changing at an even greater pace than climate
change (e.g. acid rain and land-use). Snce changes are going to occur, the challenge is how
to manage those changes such that society can achieve its environmental goals.

Due to pending investments, the most pressing challenge is to secure clean drinking water,.
What future investments in drinking water treatment are required and what NOM removal
technology should be applied are important questions that need to be answered in order to
maintain sustainable management of aquatic ecosystem services. To answer these questions
we need to understand the processes contralling NOM cycling. NOM cycling is a fundamental
feature of ecosystems and a scientific area of great complexity, but also an area of active research.
We already know enough to say that the amount, quality and intensity of precipitation is the
main driving force of the observed changes in NOM and that the anthropogenic factors, such
as climate change (e.g. changes in seasonality of temperature, precipitation), reduced acid
rain and landuse changes (eg. more forests, decreasing drainage), superimpose on the
natural variation.

The management of water resources under a regime of changing NOM requires knowliedge
and understanding about the links between the environmental changes and their impacts, and
society's responses to them (i.e. DSPIR (Driving Force; Pressure; Sate; Impact; Response)
framework)). It is therefore of urgent importance to separate the precipitation-runoff effects
from the effects of other potential factors as some of these factors are changing dramatically.

NOM is a complex substance, and its significance has been widely recognized by the scientific
community only relatively recently. Our knowledge of the causes and consequences of a
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change in the NOM cycling is therefore deficient. Unless the importance of NOM for society
is acknowledged and its research is included in national/international agenda, the science
will not make the contribution it could and should.

INTRODUCTION

In the Northern hemisphere the amount of dissolved Naurd Organic Métter (NOM) in soil-
and surface water is high due to a cold and wet climae In fact more than hdf of the dry
maiter weight in the waer in this region may be due to NOM and manly responsble for
gving the waer a didinct ydlow-brown colour. NOM is a mix of humic macromolecules
with addic and dsrong complex/binding properties Thus NOM increeses the mobility of
pallutants in the waershed by complex binding heavy metds sorbing organic pollutants and
lowering pH. NOM has drong effects on many biogeochemicd processes in the environmentt.
NOM is dso important to caculations of fluxes of carbon and macronutrients such as nitrogen
and phosphorus (Kortdainen, 2003). Furthermore, NOM is a source of energy and nutrients
for micro-organiams (Tranvik, 2003).

NOM cause problems in the production and didribution of drinking water as the NOM has an
advearse effect on the aesthetic water qudity as wdl as the biofouling of pipdines. It has dso
been demongrated that NOM is the basis for the production of potentidly hazardous organo-
chlorine compounds when water is disinfected with chlorine,

During the last 10-15 years a consderable increase in colour and NOM has been observed in
surface weaters in southeest Norway and southern Sweden (Lofgren et d. 2003; Liltved and
Gesing, 2003), south western Finland, northern grest Britan (Freemen et d., 2001, Evans
and Monteth, 2001), in the foothills of Centrd Europe (Grunewdd & d., 2003) and in North-
easten US (Skjelkvde e d., 2000). The increase in colour has usudly been greater than
Organic Cabon (OC) content (see Kjelkvde e d., 2000), indicating that not only the
quantity but aso the qudity of NOM is changing.

In Norway 80% of the drinking water is from surface weter sources. In Sweden and Finland
these figures are 70% and 50% respectively. Such raw water sources are vulnerable to the
present increese in colour and NOM, representing a serious concern for  waterworks.
Subgantid investments for the removad of organic matter (OM) have dready been made. A
continued increase in the amount of NOM will demand continued invesments in OM removd
plants. Water trestment plants therefore need to know whether or not a continued increase in
NOM s expected and on what scde in order to know if further investments are warranted.
Furthermore, changes in the characterigics of the NOM may require an adjusment in the OM
remova methods used by the waterworks.

NOM changes will be one of the most importance ways dimate change influence the agudic
biota (Steinberg 2003ab). Ecologicd effect and paentid feedback effect on cimate of these
changesin NOM quantity and quality are other mgjor issues thet need to be addressed.

It is a prerequiste to understand the causes for the observed NOM increeses in order for the
scientific community to deveop prediction modds for future trends in color and Dissolved
Organic Carbon (DOC) and to ensure that the investments are made in the right technologies.
The amount and propeaties of NOM ae known to exhibit lage tempord and gpatid
vaidions The tempord fluctuations ae usudly explaned by changes in  hydrologica
pathways in the 0l and may be farly wdl predicted by vaiaions in runoff intengty.



However, this effect can not solely account for the recently recorded high vaues of colour and
DOC as previous periods with dmilar runoff amount and intendties did not result in smilar
high levels of NOM in surface waters. It is therefore gpparent that the present increase in
colour and NOM is a consequence of changes in sevard factors dimate, anthropogenic
amospheric  depodtion, landuse, solar radiaion and inlake processess The chalenge
therefore lies in unraveling these multivaridble effects A Nordies Workshop was therefore
hed to contribute to solving the chdlenges facing wateworks and to identify causes and
potential environmenta consequences of the increased and atered NOM.

CHANGESIN QUALITY AND QUANTITY OF NOM —
POSSIBLE CAUSES

Climate

Climatic factors, such as precipitation and temperaiure are centra factors regulating the soil
organic mater (SOM) pool and carbon fluxes, induding NOM dynamics (Gjessing, 2003).
There is a drong covaiance between intengty of precipitaion ard NOM  concentration
(usudly messured as dissolved organic carbon (DOC)) in the discharge from forested Sites.
The reason is that increased runoff intendties lead to increesed NOM discharge from the
upper pats of the soil profile, which is rich in SOM @ishop & d., 2003). On the other hand,
if the discharge comes from mires the effect is opposte due to sronger dilution. Moreover,
this covariance sarves to camouflage other explanations of the changes in qudity and quantity
of NOM in surface waters. Increased temperature will acceerate the degradation of organic
materid in s0il, which agan will generate more mobilizesble NOM to be washed out by
increesed precipitation. Increesed winter temperatures in northern latitudes will change the
bdance between ranfdls and snow as wdl as s0il frod duraion and thereby the pattern of
leaching and watershed runoff. Solar radigtion and microbes play an important role in the
degradation of NOM in lakes. Decreased retention time in lake waters causes decreased
photo-bleaching (i. e photochemicd degradation of coloured NOM) and degraddion by
micro-organisms  (Tranvik, 2003) and will therefore dso leed to enhanced colour and NOM
concentrations (Gjessing 1970a). A change in the qudity of radiaion (eg. more UV-A ad
UV-B) may dso dter the chemicd and physcd propeties of NOM. Furthermore, decreased
retention time and higher water velocities lead to decreased coagulaion and sedimentation of
organic maiter. Consequently there is a dear seasondity in NOM amount and qudity as well
& a covaiance with precipitation. Fuctuaions in dimae and dimate change are therefore
believed to be the man reason for the observed changes in surface water colour and NOM
(Evans and Monteith, 2001; Skjekvae et d., 2001).

Anthropogenic atmospheric depositions

Many of the regions experiencing an increesed NOM have dso suffered anthropogenic
ulphur loading in the past. During the onset of acid rain in the 1970 and 1980s a reduction in
colour in lakes were reported in the regions suffering from acid rain (Gjessng, 1970b). This
was manly explaned by the protonaion of the humic acids as a result of the depogtion of
srong minerd acids, rendering them less hydrophilic. Furthermore, the lower pH dlowed for
enhanced solubility of aduminium+ (Al) and iron (Fe) hydroxides. Increased AP and Fe** in
solution then became complexed by the anionic organic maiter causng more of the NOM to
loose its negdtive charge and precipitate. Furthermore, increased ionic strength, as a result of
devated concentrations of sulphate, H™ and metd cations, resulted in diminished repulsion
forces between the organic molecules and thereby dso to increesed coagulation and
precipitation of NOM. Liming, which was widdy used to combat the acidification of surface
waters, has dso has the effect of coagulating and sedimentation of the OM. Moreover, the
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qudity of the organic matter in anthropogenicaly acidified water was shown to change eg.
an increee in the amount of organic sulphur (Gjessing et d., 1988). With the 30-40%
decrease in Sdepostion snce 1980, one could therefore expect the recovery to result in a
revershle trend resulting in increeses in water colour and NOM, as wel as a change in the
qudity of NOM (Vogt & d., 2003). Furthermore, nitrogen is accumulaing in the terredtrid
ecosysdems, leading to a build-up of the terredtrid biomass due to the continued fertilization
by depodtion of arborne nitrate and ammonia, despite decreesng emissons An incressd
nitrogen content of the soil humic matter would aso encourage decompostion and thereby
production of NOM, leeding dso to more NOM in surface waters.

Land use changes
The large spatid variation in the amount and properties of NOM are a reflection of the spdid

vaidion in watershed landuse. High NOM concentrations are associated with drainage from
peatland, shdlow upland soils, and watersheds with a high landwater ratio, i.e. watersheds
with large soil pools of humus rddive to minerd <ol and short waer retention times
Conversdly, lov NOM concentrations are found in watersheds with sparse vegetaion, poorly
devdoped organic soils and large lakes (i.e smdl pools of ol cabon and long water
retention times) (Lofgren, 2003; Kortdanen, 2003). Furthermore, the propertties of NOM
originating from peat soils are known to differ gregily from thet originating from upland soils
(Vogt e d. 1994, 2001). Reduced fires, grazing and trampling by cdtle extensve
afforestation of aable land and heathland, increased forest production and increased
proportion of conifers in the growing sock would increese SOM and NOM leeching to
surface waters as well as changesin the quality of the NOM.

In the region experiencing unprecedented NOM increases in Norway there has dso been
reported a ggnificant increese in annud increment and volume of growing fores dock
(Tomter, 2000) and an increase in the amount of mosses during the 1980 and 1990s (Zkland
e d., 2001). Thee changes may be due to foret management, an enhanced growing Season
with longer and milder fdls increased amospheric CO, levds, and the fetilizing effect of
arborne nitrogen depostion. In the Czech Republic a 50% decrease of forest cover in the
1970 and 1980s was followed by a srong decrease in NOM concentrations in Stream water.
The NOM is now increasing dong with reduced acid rain depostion as wdl as an increase in
forest cover and dimate change (Grunewad et d., 2003; Grunewad and Scheithauer, 2003).

There gppears to be threshold vadues governing the dgnificance of the various key land-use
features. For example, when wetlands occupy sma percentages of catchments (< 20 %),
gnd| increases in the proportion of wetland leed to pronounced rises in the concentration of
NOM in runoff.

CHANGESIN QUALITY AND QUANTITY OF NOM —
POSSIBLE CONSEQUENCES

Water treatment

The increase in colour and levels of NOM will, in addition to the aesthetic problem, promote
the formation of potentidly hazardous by-products from the disnfection, enhance the leves
of both inorganic and organic pollutants, and provide a subdrate for undesrable
microbiologica growth in the didribution sysem. The water supply indusry has dreedy
made huge invesments on OM remova plants in order to combat present increases in colour
and to meet internationd quality standards. A sudtained increese in NOM in the raw water
will lower the efficiency of waer treatment processes and increese the demand of water
purification. Furthermore, wateworks need to invest in additiond NOM remova methods



where the existing water trestment process becomes insufficient. Moreover, changes in the
properties of the NOM (eg. molecular Sze, hydrophobicity and refractoriness) have a gresat
influence on the treatment efficiency. In generd, macro-molecules are easer to remove than
intermediate or smal NOM molecules, but the later may pose mae hedth risks. Improved
knowledge on the possble change in the characteristics of NOM is therefore necessary in
order to select proper trestment technologies.

Environment
An increese in NOM and a change in its qudity will have sgnificant impacts on numerous
environmenta conditions

For example:

- NOM congsts of wesk organic acids and conditutes an important proton source
enhancing minerd westhering processes. The organic anions wash base caions down into
the soil profile or out into surface waters leeding to naturd soil acidification.

50 — 60% (w/w) of the NOM is carbon. The carbon dynamics in bored aress are of specid
scientific and environmenta concern with repect to CO2 being a greenhouse ges.

Fluxes of macronutrients, such as nitrogen and phosphorus, from soil to surface water is
to a large extent controlled by that of NOM as thee dements are bound to OM.
Furthermore, the NOM conditutes an important source of energy and nutrients for
heterotrophic micro-organisms.

The colour of NOM reduces the penetration of sunlight into the lake water and thereby
decresses the photic zone.

NOM act as wesk naurd xenobiotics Changes in quantity or properties of NOM  will
therefore result in changesin aguetic floraand fauna

NOM binds heavy meals and adsorbs organic pollutants. The ability of humic mater to
influence both the trangport and bicavallability of contaminants is drongly dependent on
the qudity of the NOM.

The environment is cgpable of coping with incessant evolution and fluctuations in the
environmenta  condition; but when the changes occur too rgpid, the biodiversty may be
threstened.

RECOMMENDATIONS

Statement of the workshop

In regions with a net surplus of water, such as the Nordic countries, the tep water is often
produced from surface waters. Another characterigtic for these regions is that these surface
waters ae egpecidly rich in NOM. This represents a mgor and mounting problem to the
functioning of ecosystems, the environment, and for the waterworks.

The objective and approach to the problem at the workshop was to contribute to solving
the chdlenges facing waterworks and the environment by identifying the causes and potentia
environmenta  consequences of the increased and dtered NOM. There was a clear need to
map what we know, what we need to know and what data that are missng. 13 invited experts
provided presentations on a wide spectre of aspects related to the issue of increased dissolved
Naturd Organic Matter. The workshop thereby summarized the status of knowledge on NOM.
Through extensve discussons the paticipants devdoped oeculations and  working
hypotheses relaing to the causes and consequences of an increase in NOM. The meeting was
invited to conclude with recommendations of where to direct effortswithin NOM research.



Theworkshop arrived at the following resolution and consensual recommendations.

There is a pressing need to separate precipitationrunoff effects from other potential
explanatory factors in order to develop NOM prediction models. Such conceptual models are
a necessary prerequisite in order to supply waterworks with sound NOM scenarios enabling
themto prevent, reduce and mitigate adverse economical, safety and health effects caused by
an increased loading of NOM to raw water sources. Such models are also needed to predict
ecological effects on local, regional and global scale of relevance for critical load estimates
and decision makers. The workshop therefore strongly advises European countries to:

L

2.

Acknowledge that European surface waters are experiencing unprecedented changes in
the amount and queity of NOM.

Recognize the importance of the amount and qudity of NOM on raw waer qudity and
environmental biogeochemica processes.

Activdly support and fund neworks and programmes for multidisciplinary research
between ecologists, environmenta chemists and the water trestment industry on NOM.

Enhance and fund research on, and the devdopment of, management and treatment
decison support sysems, technologies and other issues rdated to the prevention,
reduction and minimization the effect of elevated levels of NOM in raw water sources.

Augment the ongoing research on characterizetion of NOM in order to & undersand
tempord and spatid variaion; b) conduct risk assessment and sdection of proper remedid
action; and ¢) assess the fate of heavy metals and organic micro pollutants in freshwaters.
Promote and support the vauation of costs of increesed NOM in raw water Sources,
incdluding public hedth and water trestment in order to conduct cost-benefit analyss.

Promote and support the devdopment of long-term monitoring, data treetment and
research programmes amed a distinguishing between the role of precipitationrunoff and
other key environmentd factors as outlined in Table 1.



Tablel

Asumed effects on qudity, quantity and fluxes of naurd organic matter by changes in key
environmenta factors. SOM denote Soil Organic Matter. 0, +, — and +/- denote no change,
increase, decrease and both increese and decrease, respectively, while ? denote effect
unknown. Effect of temperature is based on spatid gradients.

Consdered | Key variable factors SOM SOM | Flux NOM | NOM | Flux
shift quality | poadls | to quality [ conc. | to
water sea
Climate
Precipitation
+ Amount + + + + + +
+ Extreme didribution + +/- +- + +/- +/-
- Show rddivetoran + ? + + + +
- Syingflood ? ? +- ? +/- -
+ Hydrologic connectivity + 0 + + + +
+ Soil moidure + + + + + +
- Water retention time + + +
Temperature
+ | Fall and winter + ? + + + +
Rediation ? ? ? ? ? ?
Atmospheric deposition
+ pH + ? + + + +
+ NitrogerySulphur retio + ? + + + +
+ Sea-salts + + ? + ?
Land use
+ Aforredration + + + + + +
+/- Species + +/- +/- + +/- +/-
+ Biomass + + + + + +
+/- Dranage + + + + +/- +/-
+/- Site preparation + +- +- + +/- +/-
+ Damming-up ? +/- +/- + +/- -
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Increased Nordic competitiveness through
strong international influence

A substantial proportion of the trade barriers found today, both in the
EU and globally, concern regulations, standards and conformity as-
sessment. By promoting Nordic interests in this area internationally,
the conditions for Nordic industry, especially SME’s, will be greatly
improved.

Nordtest endeavours to

= promote viable industrial development and industrial competitive-
ness, remove technical barriers to trade and promote the concept
“Approved Once Accepted Everywhere” in the conformity assess-
ment area

= work for health, safety, environment in methods and standards

= promote Nordic interests in an international context and Nordic par-
ticipation in European co-operation

= finance joint research in conformity assessment and the develop-
ment and implementation of test methods

= promote the use of the results of its work in the development of
techniques and products, for technology transfer, in setting up stand-
ards and rules and in the implementation of these

= co-ordinate and promote Nordic co-operation in conformity assess-
ment

= contribute to the Nordic knowledge market in the field of conform-
ity assessment and to further development of competence among
people working in the field
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