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High sensitivity of metal footprint to national GDP
in part explained by capital formation

Xinzhu Zheng'? Ranran Wang'?, Richard Wood ©#, Can Wang? and Edgar G. Hertwich@™

Global metal ore extractiontripled betwean 1970 and 2010 as metals are widely used in new infrastructure and advanced tech-
mology. Meanwhile, the energy and environmental costs of metal mining increase as lower ore grades are being exploited. The
domestic use of metals has been found to reach a plateau when gross domestic product reaches US515,000 per person. Here
we present aquantification of the annual metal footprint (that is, the amountof metal ore extracted to satisfy the final demand
of a country, including metals used abroad to produce goods that are then imported, and excluding metals used domestically to
produce exports) for 43 large economies during 1995-2013, We use a panel analysis to assess short-term drivers of changes in
metal footprint, and find that a 12t rise ingross domestic product raisesthe metal footprint by as much as 1.9% in the same year.
Further, every percentage point increase in gross capital formation as a share of gross domestic product increased the metal
footprint by 2% when controlling for gross domestic product. Other socioeconomic variables did not significantly influence the
metal footprint. Finding ways to break the strong coupling of economic development and investment with metal ore extraction

may be required to ensure resource access and alow-carbon future,

Meml; are a key enabler of econamic development and
hurnan progress', and a requirement far the expansion af
clean energ}"'. Anthropogenic usage of metals has Erown
steadily, especially in emerging economies’, From 1570 to 2010,
gobal metal oreextraction tripled to 7.4 billion tons, 54% of which
were used in the five BRICS (Brazil, Russia, India, China and South
Africa) countries®. The growing use of metals, however, has also
cansed problems. On the one hand, mining and smelting are pal-
luting processes, cansing local pallution®, land-use change®, 10%
of total global greenhouse gas emissions and 8% of global energy
dernand’. On the other hand, access to ore is increasingly restricted
by the geographical concentration of mines®?, environmental con-
cerns about extraction™ and deteriorating grades of metal ores'
that may reach economically extractable supply lirmits", Although
metals are iI'|I“II'|ibd:.' recyclable in principle, the recycling process
is often hampered by social behaviour, product design, lack af
separation and sorting facilities, and inadequate technologies's.
Governments in the United States™, China", the European Union'
ad Japan®havedeveloped policies to ensure the adequate supply of
mineral resources, address environmental, social and security issues
af supply, and limit the energy use' ™%,

Affluence measured as per capita gross domestic product (GDF)
has been identified a5 the main economis driver of damestic metal
use® =, However, domestic metal use flattens with rising affluence,
wiggesting an increasing rescurca er'ﬁcienq.' in high-income econo-
mies*™*, The environmental Kuznets curve (EKC) hypothesis pos-
lates a peaking and eventual decline of metal use over the course
af economic development. [t has been tested using panel data, cross-
sectional data and single-country samples™* =, However, due to the
varianges of data sets, country samples, time spans and metal types,
theresults have been contradictory, providing either suppaort for=:
o against™ the EKC. Despite the different results for EKC, these
studies uniformly showed a significant correlation between metal

use and GDOP growth®*= and agreed that this correlation weakens
once countries reach high-income status. The observed metal use-
(OP relationships have been used to suppart scenarios of future
metal use™ ™, Most studies looked at the domestic use of either
individual metals ;peciﬁc.allj."’ 3 or as an aggregate™™ =+,

Researchers have long pointed out that the sole consideration
of domestic metal use can lead to misleading interpretations of
national metal demand, becanse the consumption in one coun-
try can instigate metal use in another country™*. Indeed, studies
showed decoupling of material use from economic growth in some
@nsuming countries to be overestimated, as resource-intensive
industries were outsourced to other countries™-!. A correction
of metal use for the effects of trade has become possible with the
anstruction of global multiregional input-output (MRIO) mod-
ds that are able to allocate the use of production factors through
rade to final cansumption. The metal r'ootpl'int [ME} based an
MRIO models accounts for the supply-chain-wide use of metal ores
associated with the domestic final demand of 2 country or region.
A cross-sectional analysis of the MF of | 88 countries in 2008 found
an elasticity of 0.9—thatis,a 1% higher GDP per capita was associ-
ated with 0.9% higher MF per capita®.

However, cross-sectional analysis provides only a snapshot
of a specific point in time. Panel analysis of time-series abserva-
fians of the same cross-section can detect both time and individual
variations that are unobservable in cross-sections and hence gain
more confidence shout the cause-and-effect relationships. While
researchers have pel'r'c-rmed panel analysis on domestic metal use,
statistical analysis of MF has so far been limited to cross-sectional
malysis [as 5;.]PP|£I'I‘IEI'I[J.I':.' Table 2 shows). We ask, what is the
short-run elasticity=of MF with respect to GDP? What is the role of
ather drivers such as investment and urbanization, which have been
identified as important determinants, for example, of steel use™?
Another knowledge gap is whether the MF of a nation depends on
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Transboundary health impacts of transported global
air pollution and international trade

Qizng Zhang'*, Xujia liang'~**, Dan Tong'*, Steven 1 Davis'*, Hongyen Zheo', Guannan Geng', Tong Feng', Bo Zheng®,
Zifeng Lu*, David G. Sreets*, Ruijing Ni*, Michzel Brauer®, Asron van Donkelzar’, Randsll V. Martin#, Hong Huo®, Zhu Lin'?,

Da Fan", Haidong Kan®, Yingving Yan®, Jintai Lin®, Kebin Hel?

Millions of people die every year from diseases caused by exposure
to outdoor alr pollution™% Some studleshave estimated premature
martallty related to local sonrces of alr pollutlon®”, but local ale
quality can alsobe affected by atmospheric transport of pollution
from distant sources™ ', International trade Is contributing to the
gobalization of emissionand pollution as a result of the production
of goods (and thelr assoclated emlisslons) In one reglon for
ansumption in another reglon'*%-, The effects of Internatlional
trade on alr pollutant emissions™, ale quality'? and health® have
teen Investigated reglonally, but a combined, global assessment of
the health lmpacts related to International trade and the transport
ofatmosphericalr pollution is lacking. Here we combine four global
models to estimate premature mortality caused by fine particulate
matter (PMasz) pollution as a result of atmospheric transport and
the production and consumption of goods and services in different
waorld regions, We find that, of the 3,45 million premature deaths
related to PM,; pollution In 2007 worldwide, about 12 per cent
(411,100 deaths) were related toalr pollutants emitted in a region
of the world other than that in which thedeath occurred, and about
22 per cent (762,400 deaths) were assoclated with goods and services
poduced In one reglon for consumption in another, For example,
PN, pollution produced in China In 2007 Is linked to more than
64,800 premature deaths In reglons other than China, Including
more than 3, 100 premature deaths In western Europe and the USA;
on the other hand, consumption In western Europe and the USA s
Inked to more than 108,600 premature deathsin China. Our results
reveal that the transboundary health lmpacts of PM; s pollutlon
assoclated with International trade arve greater than those assoclated
with long-distance atmospheric pollutant transport.

Cutdoar air pallution and the associated effects on health have
typically been regarded as local or regional problems, with local ar
reglonal salutions. In response to the health risk caused by exposure
to outdoor air pallution, many countries have adopted environmental
policies to regulate major sources of outdoor air pallution such as
industry, agriculture and transpartation within their territaries™,
However, it is also increasingly recognized that air quality in a given
location can be substantially affected by atmospheric transport
of pallution fram distant sources, including sources on other
cantinents™"*, This transport of pallution indicates that premature
mortality related to air pollution (that is, death of an individual befare
his or her life expectancy due to exposure to air pollution) is not anly 2
local issue'*'% International trade is further globalizing the issue of

42 & Dabo CGuan+

air-pollution-related martality by separating the locations where goods
are consumed from the locations where the emissions and related pallu-
tion and martality oocur. Here we combine four state-of-the-art global
mdels to estimsate the premature martalitylinked to global PMas (fine
particulate matter with an aemdynamic diameter of 2.5 um or less)
ar pollution; we attribute the global premature deaths not only to the
pallution physically produced within the different regions, but alsa to
pollution related to goods and services that are ultimately consumed
in each region. We estimate premature mortality resulting from anly
PMas pollution because previous studies have shown that this type
of pallution accounts for mare than 0% of the global martality fram
outdoor air pallution .

Beginning with a newly developed emissions inventary of primary
dr pollutants produced in 13 world regions in 2007 [Extended Data
Fig. 1}, weusea multi-regional input-output model of international
trade to identify and isolate the emissions related to consumption
and investment in each region in that year. [The methodology and
data used for developing the production- and consumption-related
anissions imventary is provided in Supplementary Information.) We
then track the globally distributed PM, ; pollution that is contributed
by emissions produced in each region and by emissions associated
with consumption in each region using the chermical transport maodel
CEQS-Chem ™. Next, following the methods of the Global Burden of
Disease (GBD) Study', we estimate the premature martality due to
ecposure to outdoar PM; ; related to production and consumption in
ech region; we apply the GEQS-Chem-modelled regional fractional
contributions to martality caleulated using the high-resalution PMa s
concentrations from the GDB Study of 20135, PMy s-related premature
martality linked toischaemic heart disease, stroke, lung cancer and
dhiranic obstructive pulmonary disease iscalculated by using an
integrated exposure model® that estimates the risk of premature
mortality from each of the four diseases at differant levels of exposure
to P ;. Because errors propagated across multiple global models can
belarge, we conducted uncertainty analyses and made comparisons
with independent data'* 24872 10 demanstrate the robustress of cur
main findings. A description of these models, their integration and
mcertainty, camparisons with other studies, and a comprehensive
Isting of all data sources and key references are provided in Methods
and Supplementary Information.

‘We estimate that PM; o -related premature mortalityin 2007 was 345
millian [95% confidence interval (CI), 2.38-4.14 million; Extended
[iata Table 1; compare with 322 million deaths in 2010 reparted by
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Reactive nitrogen chemistry in aerosol water as a
source of sulfate during haze events in China

Yafang Cheng,'*" Guangjie Zheng,'?* Chao Wel,' Ging Mu,' Bo Zheng,” Zhibin Wang,'
Meng Gao,** Glang Zhang,” Kebin He,™ Gregory Carmichael,®* Ulrich Péschl,'™ Hang Su5'"
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Fine-particle pollution associated with winter haze threatens the health of more than 400 million people in the Narth
China Plain. Sulfate is a major component of fine haze particles. Record sulfate concentrations of up to ~300 pg m™

were observed during the January 2013 winter haze event in Beijing.

State-of-the-art air quality models that rely on

sulfate production mechanisms requiring photochemical oxidants cannot predict these high levels because of the
weak photochemistry activity during haze events, We find that the missing source of sulfate and particulate matter
can be explained by reactive nitrogen chemistry in aerosol water, The aerosol water serves as a reactor, where the
alkaline aerosol components trap 50y, which is oxidized by MOy to form sulfate, whereby high reaction rates are sus-
tained by the high neutralizing capacity of the atmosphere in northem China. This mechanism is self-amplifying be-
cause higher aerosol mass concentration corresponds to higher aerosol water content, leading to faster sulfate

production and more severe haze pollution.

INTRODUCTION
Persistent haze shrouding Beijing and the North China Plain (NCF) dur-
ing cold winter perinds ﬂ'lr&aatzn;ﬂ'.e health of ~400 million peaple living
in aregion of ~300,000 knr™. Characteristic features of the winter haze in
northern China include stagnant meteorological conditions with low
mixing heights, high relative humidity (RE), large emissions of primary
air polhutants, and fast production of secondary inorganic azrosols, espe-
cially sulfate (see section ML) (1-5). Analyzing surtace-hased ohserva-
tions at a site in Bejjing during January 2013 (see section M2) and
wsing concentration ratios of sulfate to sulfur dicxide ([S0,*/[S04])
as a pracy for the sulfate production rate (5} we find that sulfate pra-
duction increases as M,z (particulate matter with a diameter of less
than 2.5 umn) levels increase (Fig. 1 A). Ratios are six times higher during
the most polluted periods (FM,; » 300 pg m™) than during dean to
maderately polluted conditions (ratios of 0.1 when PM;s < S0 pgm=)
Traditional air quality models, however, fail to capture this key feature
of WCF winter haze events even after accounting for serosol-radiation-
meteorology feedhack (see sections M2 and M3) (6-8). The chemical
mechanisms used in these models usually comprise gas- phase cotidation
af sulfur dicxide by OH radicals and aqueous- phase reaction pathways
in cloud water, irvabving HyQy and Oy, resulting in sulfate production
rates that scale with the intensity of solar ultravialet (UV) radiation
(9, 20). During NCP haze days, UV radiation is significantly reduced
because of the aerosol dimming effect, resulting in a decrease of most
cxidant concentrations (5] Figure 1B shows that the midday O, values
drop from ~22 parts per billion (ppb) under clean conditions to ~1 pph
during the haze period (and also lose their typical diurnal variation, fig.
51). The rednsed oxidant levels and increased sulfate production suggest
the existence of a missing sulfate production pathway. Even after consid-

Multighase Chemistry Depatment, Max Planck Insttute for Chemistry, Mainz 55128,
Germany. State Ky Joint Labarstany of Envinan et Simulation and Rollutian Cantra,
Schaal of Emvironment, Tsinghua Unwersity, Bejing 100084, China. Y allage of Engi-
neering, University of bowa, lowa Gy, 18 52242 UsA Certer for Giabal and Aegional
Envirgnmantsl Aesasrch, Univesity of lows, lows Oy, LA 52242 USA “Canter for Carth
System Science, Tsinghus University, Beijing 100084, China_ Tinstitute for
Emvironmental and Jimate Aesaanch, JSinan Unversity, Guangzhou 511443, China
Thess suthars cantributed egusl ¥ ta this warc
tlorresponding suthar. Email yafsngchang@mpic de (YO} haibgrtsinghuaadu.
en (KHT wpaschi@mpic de {LLPY hsu@mpicde (H5)

Cheng etal 5. Adv. 20162:21501530 21 December 2015

ing the gas phase and cloud/fog chemistry, there is still 2 large gap
between modeled and observed sulfate (Fig. 1C). Adding an apparent
heterogeneous process with sulfate production rates that scale with
agrosol surface area and RH can greatly improve model predictions
[zee sections M3 to MS) (7), but the chemical mechanism of the missing
sulfate production pathway has not yet been identified.

RESULTS AND DISCUSSION

We find that reactive nitrogen chemtry in aerosol water can explain
the missing source of sulfate in NP winter haze. Aerosal water is a
key companent of atmospheric aerosols, which serves as a medium
that enahles aquenus-phase reactions (1 1-13). The aerosol water con-
ent (AWC) in Beijing, caleulated using measurements of RH and
agrosol cornpasition and the ISORROPIA-II thermodynamic equilib-
fium model (see section M&) [14-16), is well correlated with the
missing sulfate content, the difference between measured and modeled
milfate (A[S0,"]) (Fig. 1C) (see sections M2 to M4), suggesting its
ivohvement in the sulfate production. Note that because of the salt-
induced freezing point depression (17], aerosol water will nat freeze
for a winter temperature af ~271 K in Beijing.

Taking the impact of mass transter and ion strength into acoount,
we make a conservative estimation of sulfate production rate for dif-
ferent reactions in the aerosol water under relevant atmospheric trace
species concentration conditions (see sections M4 and M7 to M%) and
find W3 to be the most important axidant in Bejjing during haze
periods (Fig. 2B). In the presence of aerosol water, gas-phase MO,
can partition into the condensed phase, react with 50, dissahved in
the aqueous phase, and produce sulfate as well as nitrite (R1) (12].

2 N (aq) + HSOy~ (ag) +HyO (ag) — 3 H™ (ag)
~ 2NQ;~ (ag) + 50, (ag) (R1)
Under heavy haze conditions { FM, s 2 300 ug m™), the sulfate pro-

duction rates af the NOy reaction pathway (R1) are =1 to Fugm™ h~",

rmusch higher than the reaction rates invaking other important aqueous
aiidants such as 0 and HyOy. According to Zheng <t al. (7], an ad-

ditional sulfate production of ~3 pg m™ h™" is needed to explain the
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Global climate forcing of aerosols embodied in
international trade

Jintai Lin™", Dan Tong®', Steven Davis?, Ruijing Ni', Xiaoxiao Tan'¥, Da Pan®, Hongyan Zhao?,
Zifeng Lu®, David Streets®, Tong Feng?, Qiang Zhang®*, Yingying Yan', Yongyun Hu', Jing Li", Zhu Liu’,
Xujia Jiang?, Guannan Geng?, Kebin He®®, ¥i Huang** and Dabo Guan™

International trade separates regions consuming goods and services from regions where goods and related aerosol pollution
are produced. Yet the role of trade in aerosol climate forcing attributed to different regions has never been quantified. Here,
we contrast the direct radiative forcing of aerosols related to regions' consumption of goods and services against the forcing
due to emissions produced in each region. Aerosols assessed include black carbon, primary organic aerosol, and secondary
inorganic aerosaols, incuding sulfate, nitrate and ammeonium. We find that global aerosal radiative forcing due to emissions
produced in East Asia is much stronger than the forcing related to goods and services ultimately consumed in that region
because of its large net export of emissions-intensive goods. The opposite is true for net importers such as Western Europe
and Morth America: global radiative forcing related to consumption is much greater than the forcing due to emissions produced
in these regions, Overall, trade is associated with a shift of radiative forcing from net importing to net exporting regions.
Compared to greenhouse gases such as carbon dioxide, the short atmospheric lifetimes of aerosols cause large localized
differences between consumption- and production-related radiative forcing. International efforts to reduce emissions in the
exporting countries will help alleviate trade-related climate and health impacts of asrosols while lowering global emissions.

the cimate system and constitute an impaortant radiative  impacts are substantial, especially since aerasols are short-lived and

forcing that drives global climate change'-*, Furthermare,  exert strang spatially inhomogeneous forcing.
the spatial pattern of aerosal forcing strongly affects reglonal Here, we evaluate the role of trade in attributing top-of-the-
climate™*—for example, Indian aerosols affect the summer atmosphere direct aerosal radiative forcing (RF) as of 2007, which
maonsoon precipitation®™?, and Asian aerosols affect the Pacific & the most recent year for which all necessary data are available.
storm track". Because aerosols stay in the atmosphere only fora  As modelled, direct RF accounts for both scattering and absarption
few days, their effect on radiative forcing is most powerful around o solar radiation in the atmosphere, that is, through aerosol-
the regions where they ar their precursor gases (from which these  rmadiation interactions’. We guantify global direct RF related to
aerosols are formed) are emitted, with the potential for additional  anissions produced in, as well as goods and services consumed in,
forcing due to aerosals transported to more distant areas by weather  each of 11 warld reglons: East Asia (China, Mongalia, and Narth
systems™ ™ Industrial processes and fossil fuel burning lead to  Korea), Economiesin Transition [ Eastern Europeand Former Soviet
emissions of aerosols and precursors as a by-product, such that  Union), Morth America (the United States and Canada), Western
the emissions may be attributed to production of specific goods  Europe, Middle East and Narth Africa, Southeast Asia and Pacific,
and services. In turn, international trade has increasingly enabled  Pacific OECD (Japan, South Korea, Australia, and Mew Zealand),
these production activities and their related aerosol emissions  Latin America and Caribbean, South Asia, Sub-Baharan Africa,and
to occur far from where the goods and services are ultimately Rest of the Word (Supplemertary Fig. 1.
consumed. Accompanying the relocation of emissions s a change
in the amount of emissions assoclated with a given product, Deriving emissions and radiative foreing
a5 a result of regional differences in energy structure, energy We estimate global emissions of aerosals and precursors related to
efficiency, and emission contral levels™'™, Although the important  goods and services consumed in each region [consumption-based
role of imternational trade in redistributing carbon and pallutart  anissions, E) using a multiregional input-output model based
emissions™™ ad altering regional air quality™™ has been shown  on trade data for 129 countries/regions and 57 industry sectars™
previously, the effects on climate forcing due to aerosols hasnever  and a newly built country- and sector-specific emission imventory

ﬁ nthropogenic aerosals influence the radiative balance of  been assessed. Yet the potential implications for reglonal climate
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The microbe-mediated mechanisms affecting topsoil
carbon stock in Tibetan grasslands

Haowei Yue', Mengmeng Wang', Shiping Wang**, Jack A Gilbert**®, Xin Sun’,

Linwei Wu', Qiaoyan Lin®, Yigang Hu™*, Xiangzhen Li% Zhili He'", Jizhong Zhou'®*2
and Yunfeng Yang'

'State Key Joint Leboretory of Envirenment Simuolation end Pollution Control, School of Environment,
Teinghua University, Befjing, Ching; *Key Labortory of Alping Ecalogy and Biodiversity, Institule of Tibetan
Plateau Research, Chinese Acodemy of Sciences, Beiiing, Ching; *CAS Center for Excellence in Tibelan
Pletecu Earth Science, Belfing, Ching; *Institute of Genomic end Systems Blology, Argonne National
Leboratory, Argonne, IL, USA; *Department of Ecology end Evelulion, University of Chicago, Chicoge,

IL, USA; "College of Environmentol ond Resource Sclences, Zheflang Universlly, Hongzhou, Chine; "Key
Loboratory of Adeption and Evelution of Platecy Biote, Northwest Institule of Plalecy Blology, Chiness
Academy of Sclences, Xining, Ching; "Shopetou Desen! Experiment and Resecrch Station, Cold end Arid
Regions and Environmentel & Enginsering Ressarch Institute, Chinsse Acodemy of Sciences, Lanzhou,
Chine; "Key Loboratory of Environmentol end Applisd Microbiology, Environmeantal Microbiology Key
Lehoratory of Sichuan Provines, Chengdu Institute of Blolagy, Chinese Academy of Sciences, Sichuan, Ching;
“nstitute for Environmental Genomics end Department of Microbiology and Plant Biology, University of
Oklehoma, Norman, OF, USA; VEarth Sciences Division, Lawrence Berkeley National Lobaratary, Berkeley,
A, USA and *Collcborative Innovation Center for Regional Envirenmental Quality, Schoal of Environment,
Teinghua University, Beljing, Ching

Warming has bean shown to cause soil carbon (C) less in northern grasslands owing to accelarated
microbial decomposition that offsets increased grass productivity. Yet, a multi-decadal survey
indicated that the surface soil G stock in Tibetan alpine grasslands remained ralatively stable.
To invastigate this inconsistancy, we analyzed the feadback res ponses of soil microbial communitias
to simulated warming by soil transplant in Tibatan grasslands. Whereas micrebial functional diversity
dacreasad in response to warming, microbial cemmunity structure did not corralate with ehanges in
femparatura. The relative abundance of catabolic genes associated with nitrogen (M) and C eycling
dacreased with warming, most notably in genes encoding enzymes asscciated with more recalcitrant
C substrates. By contrast, genes associated with C fixation increased in relative abundance. The
relativa abundance of genes associated with urease, glutamate dehydrogenase and ammonia
monoxygenase (ureC, gdh and amoA) were significantly cormalated with MO efflux. Thesa rasults
suggest that unlike aridisemiarid grasslands, Tibetan grasslands maintain negative feedback
mechanisms that preserve tarrestrial Cand N pools. To axamine whethar thass trands weare
applicable to the whole plateau, we included these measuremeants ina model and verifiad that topsoil
C stocks remained relativaly stable. Thus, by establishing linkages between microbial matabolic
potential and soil biogecchemical processes, we concluda that longtarm C loss in Tibatan
grasslands is ameliorated by a reduction in micrebial decompaosition of racalecitrant C substrates.

The ISME Joumal [2015) 8, 2012-2020; doi:10.1038/ismaj.2015.19; publishad onlina 17 Fabruary 2015

Introduction (Walther et of., 2002), A number of field and
) L : modaling studies have indicated that climate warm-
Global warming has & wide Influence on terrestrial ing causes soil carbon [C) loss in northemn ecosys-
ecosystems, particularly in polar or alpine ecosys-  yumg (Malillo et al, 2002; Feng et al, 2008; Ise of al,
tems, whare it [s predicted Lo be more pronounced 2008); vet, & platean-wide survey of topsoil C stocks

in Tibetan grasslends from 1080 to 2004 suggestad

that il was remarkably stable (Yang & ol, 2009) in
Comespondence: ¥ Yang, State Key Joint Labomstery of Environ- gpite of climatic warming in this region, which is
f"‘f'""] foouletion snd p‘.".'.'”'”"‘"{"“"""k;"_ll'_s‘ﬂ“"”l ol Envirenment.  gypanily three times the global average (LI and
g ua L T LY. Bell 08 100064, China. Tang, 1888). This Inconsistency suggests that bio-

¥ ¢ yangvlEsing hua adu.en . - A= .

Received 27 [uly 2014; revised 8 January 2015 accepted 8 [anuary gund:umcal processes must ba ElabLlLZI.[]g these C
20115; published online 17 February 2015 resarvoirs; here we aim 1o elucidate the genstic
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Microbial mediation of biogeochemical cycles
revealed by simulation of global changes with
soil transplant and cropping

Mengxin Zhao!, Kai Xue®, Fen Wang” Shanshan Liu*, Shijie Bai®*, Bo Sun?,

Jizhong Zhou* 25 and Yunfeng ang’

'State Key Joint Leboratory of Environmen! Simuletion and Pollution Control, School of Enviranment,
Teinghua Universily, Beifing, Ching; *Institute for Environmentol Genomics, Department of Microbielogy end
Piant Bivlogy, University of Oklehome, Norman, OK, USA,; *State Key Laboratory of Soil and Susteineble
Agrdeulture, Institute of Soil Sclence, Chinese Academy of Selences, Nanjing, Ching; *University of Chinese
Acodemy of Sciences, Beijing, China and *Eerth Sefences Divigion, Lowrence Berkeley Notional Laboratory,

Berkeley, CA, USA

Daspita microbes’' kay roles in driving bicgeochemical cycles, the mechanism of microbe-madiatad
feadbacks to global changes remains slusive. Recantly, soil transplant has been successfully
established as a proxy to simulate climate changes, as the current trand of global warming
coherantly causes range shifts toward higher |atitudes. Four years aftar scuthward soil transplant
ower large transects in China, wa found that mierebial functional diversity was increased, in addition
to concurrent changes in microbial biomass, soil nutrient content and functional processes invelvad
in tha nitrogen eyele. However, soil transplant effects could be ovarridden by maize erop ping, which
was attributed to a negative interaction. Strikingly, abundances of nitrogan and carbon cycle genes
were increased by these fisld expariments simulating glebal change, eoinciding with higher oil
nitrification potential and carbon dioxide (CO:) efflux. Further investigation revealsd strong
comalations between carbon cycle genes and CO; efflux in bare scil but not cropped soil, and
betwean nitrogen cycle genes and nitrification. These findings suggest that changes of soil carbon
and nitrogen cycles by soil transplant and cropping were predictable by measuring micrebial
functional potentials, contributing to a bettar machanistic undarstanding of thasa soil functional
processes and suggesting a potential to incorporate microbial communitias in greenhouse gas

emission modealing.

The ISME Joumal 2014) B, 2045-2055; doi:10.1038/ismaj.2014.48; publishad anlina 3 April 2014
Subject Category: Geomicrobiclogy and micrabial contributions to geochamical cycles
Keywords: climate change; soil transplant; microbial community; biogecchemical cycle; GeoChip

Introd uction

We are wilnessing some of the most rapid changes in
dimate and lans use practices in Earth's history.
Meverthelsss, thelr consequences remain elusive,
Eeosvslem feadbacks may eithar amplifv or dampen
the extent of global change, making tham important
targats for further investigation, Microbes constitule a
major portion of the Earth's biosphere and have a key
mle in determining effluxes of greenhouse gases such
as carbon dioxide (CO,), methane [CH,) and nitrous
mide [N0), which are considersd to be major

Crrrespondence: Y Yang, State Key Joim Labocstory of Environ-
menl ﬁulaliﬂn and Pollution Control, School of Environment,
Ter.\ﬁ]:.ua University, 1 Tsi.nﬁ]:uﬂ Gardan Road, Haidias Districl,
Baijing 100084, China.

E-mail: yangyfisinghoa eduen

Baosived 22 November 2013; ravisaed 27 Febe uary 2014, aca:pl-:d
2 March 2014: pu]:-|Li])e'_:l onlina 3 Apr'd 2014
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feadback responses Lo glnbal changes [Falkmvskl
el al., 2008). Therefors, L is important Lo [nvestigals
soil microbial communities o accurately predict the
fulurs dynamics and consequances nfglnbald:augus

P.ssusmug microbial communilies in their nativa
niches [s difficult, partly becsuse of their wvast
diversity, complex intersction, frequent genslic
LEJlHrHJL-El::IéI:I%H and leck of appropriste analvsls tools
(Singh & 2010). Moreover, & central issue in
microbial ecology is hew microbial community
composition and functional potentials are linked
v melabolism, Although a growing number of
studies have demonstrated thal microbial commu-
nity composition has an sssential role in bie-
geochemical cveles [Falkowski o ol, 2008), tha
quantification of this l'mkagu is neither consistent
nor trectable, This knowledge gap has resulled in
the disputable assumption of global climatic modals
that microbial composition s frealevant to global
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MnO, Framework for Instantaneous Mineralization of Carcinogenic
Airborne Formaldehyde at Room Temperature

Shaopeng Rong, Pengyi Zhang*™ Yajie Yang, Lin Zhu, Jinlong Wang, and Fang Liu

State Key Joint Laboratory of Environment Simulation and Pollution Contral, School of Environment, Tsinghua University, Beljing
100084, People's Republic of China
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ABSTRACT: Formaldehyde (HCHO) camses increasing concerns, because of its uhiquitous presence in the indoor
environment and its irritating and carcinogenic nature, with regard to humans. The fast abatement of HCHO & of significant
practical interest at room temperature. In this paper, we fabricate a three-dimensional manganese dicedde framework (3D-
MnOy, ), which has interconnected network structures, low mass density (~7.3 mg ean™), and high absorption capadty for
arganic liquids. In particular, the 3D-MnOy showed excellent activity and stability for HCHO oxddation at room temperature,
achleving 45% of 100 ppm of HCHO mineralized into CO, under high gas hourly space velodty (GHSV = 180 L g_ =" k™' ). The
excellent performance of 30-MnO, catalysts in decomposing HCHO can be ascribed to thelr quick revessibility and high water
content for replenishing the consumed surface hydrosorl groups during HCH O decomposition, and fully exposed active reaction
sites. It 15 valuable to know that inexpensive metal oxdes such as Mn(hy can transform ppm-level HCHO into harmless COy ina
tmeframe a5 brief as a subsecond at room temperature.

EEYWORDS: frae-dimensiona network, mangenese dioxide, formaldelpde, catalytic axidation, indoor air

1. INTRODUCTION of HCHO in US. commerdal and residential buildings was as
Nowadays, people typically spend more than 80% of their time high 25 42 pph, often excesding recommended exposure limits.*
indoars; 25 2 result, indoar ar quality will be dosely related ta As the most populous developing country in the world, the
humen health As ane of the priarity indoor zir pallutants emitted HCHO level in 70% of the newly built or remodeled houses in
from furnishings and bullding materials,’ formaldehyde China have exceeded the safety standards” Therefare, it Is of
(HCHO) has attracted 2 great deal of attention. With the high ~ geat significance to develop cost-effective and practical HCHO

consumption and widespread use of building materials and mmoval technologles. The development of new catalytic
furnishings, the problem of indoor HCHO pollution can be materials, which could quickly transform HCHO into COy at
dmaost inevitable, especally in newly bullt or remodeled houses. room terperature, will be an alternative method.

Long-term exposure to HCHO may result in adverse human Many efforts have been devoted to deweloping effident
health effects and even cancer” Today, both in China and materials for HOHO removal. ﬁma{\:g noble metals, supported
warldwide, the public concern on the health effects of HCHD Pt catalysts, such as 1 wt3 Pr/TIO, 0.1 wt % PU/TIO," Lwt %

evposure continues to geow. The Wordd Health Organization Pt/Fe,0,” and 3 wt% Pt/Mn0O_~Ce0," have been reported to
(WHO ) has dassified HCHO as a group | cardnogen for

humans, and WHO set an indoor guideline value of 0.1 mg m™ Received: October 4, 2018

for HOHO in 2010,% which has alsa been adopted as the Chinese Hevised:  MNovember 15, 2018

national standard. The surveys reveal that indoor concentration Published: December 21, 2018

v ACS Publications 2208 srescan Dnamical Sogasy 1087 Es’;‘:”a‘:itz;.;mt;:‘:h;:
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