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Potential impacts of organic contaminant on 620 and 6D in leaf and xylem
water detected by isotope ratio infrared spectroscopy

MENG Xian-Jing', WEN Xue-Fa', ZHANG Xin-Yu', HAN Jia-Yin', SUN Xiao-Min', LI Xiao-Bo*

(1. Key Laboratory of Ecosystem Network Observation and Modeling, Chinese Academy of Sciences; Institute of Geographical
Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2. LICA United Technology
Limited, Beijing 100096, China)

Abstract There is considerable interest in the use of 6'0 and oD of leaf (d,), xylem (dx) and soil water (Js) as important tracers in
analyzing the role of terrestrial biosphere in eco-hydrological cycle. Isotope ratio infrared spectroscopy (IRIS) has emerged as a faster,
more cost-effective and field-deployable method for water stable isotope analysis. However, previous studies have also demonstrated
the potential for large errors in IRIS. These errors included considerable deviation from isotope ratio mass spectrometry (IRMS)
values in the range of (2.64+0.43)%o for 50 and (3.6+0.8)%. for /D when water stable isotopes were cryogenically extracted from
plants/soils with methanol/ethanol-based organic contaminants. As this study focused mainly on establishing correction methods,
deionized water spiked with varying amounts of methanol (MeOH, 10~800 pL-L™") and ethanol (EtOH, 2~40 mL-L™") was used to
create correction curves for 0'*0 and dD associated with metrics of narrow-band (MeOH, NB) contamination and broad-band (EtOH,
BB) determined using Spectral Contamination Identifier (of Los Gatos Research Inc. software, United States). The results showed
that while no significant time drift (P > 0.01) existed in correction curves of liquid water 6'0 and 5D analyzer (Los Gatos Research
Inc.), it varied significantly from other analyzers (P < 0.01). The lightly contaminated (VB <4 000 and BB < 1.2) ¢, and Jx of winter
wheat (Triticum aestivum L.) and summer maize (Zea mays L.) were accurately corrected. The mean differences in isotope ratios
between corrected IRIS and measured IRMS were (—0.11+0.12)%o for 6'%0 and (—0.7+0.4)%o for oD. The study discussed the
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necessity for further validation of the established correction methods for highly contaminated samples (VB > 4 000 or BB > 1.2). It

recommended cross-validation between corrected IRIS and measured IRMS using random investigation of small amounts of each

unknown species of plants or soils.
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Table 1

Correction curve equations of methanol-based (VB) and ethanol-based (BB) in §*O and 6D from different measurement times

Testl

Test2 Test3

BB (y)~Ad"0 (x) y=—0.140x+0.985 a
#=0.964 0, P<0.001
3=0.466x(1+x)*'*"* a
#=0.999 6, P<0.001
y=1.255%(1+x)*7 ' a
=0.997 4, P<0.001
3=0.050x+1.171
#=0.136 0, P>0.05
3=0.046x(1+x)*43 3
#=0.996 5, P<0.001
3=0.351x(1+x)*®1? 3
#=0.991 1, P<0.001

NB<4 000 ()~A6"0 (x)
NB-=4 000 ()~A3"0 (x)
BB (y)~AdD (x)
NBs 000 ()~ASD (x)

NB=4000 (¥)~AdD (x)

y=0.162x+0.994 a y=—0.143x+1.016 a
#=0.967 0, P<0.001 #=0.974 0, P<0.001
3=0.191x(1+x)*3*? 3 7=0.543%(1+x)*% % 4
#=0.999 0, P<0.001 =0.999 2, P<0.001
3=0.326%(1+x)*?"° a y=0.612x(1+x)*'% a
#=0.996 1, P<0.001 2=0.995 0, P<0.001
$=0.032x+1.195 $=0.120x+1.177
#=0.064 0, P>0.05 =0.463 0, P>0.05
3=0.481x(1+x)*3%3 3 y=0.204%(1+x)**" ! a
#=0.994 7, P<0.001 =0.986 7, P<0.001
3=0.842x(1+x)*** a y=0.210x(1+x)*"2% b
#=0.993 0, P<0.001 =0.978 9, P<0.001

Testl Test2  Test3 15 d; (ANCOVA) (LSD) s
(P<0.01) BB>1, NB>0 Interval of Testl, Test2 and Test3 was 15 d. Differences from correction curves

were achieved using analysis of covariance (ANCOVA) and least significant difference (LSD) test. Correction curves in the same row followed by
different small letters are significant different at 0.01 level. Most of BB values > 1, and NB values > 0.
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Fig. 1

Ethanol-based (BB) correction curve equations in 6'°0 and 6D

Up-down error bars

indicate standard deviations of BB contamination metrics from the same amounts of ethanol samples, and left-right error bars indicate standard devia-

tions of the offsets in 6'*0 and oD.
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Fig. 2 Methanol-based (NB) correction curve equations in §'°0 and 6D
s Up-down error bars

indicate standard deviations of NB contamination metrics from the same amounts of methanol samples, and left-right error bars indicate standard
deviations of the offsets in 6'*0 and ¢D.
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Table 2 Comparison in correction curve equations of spectral contamination created by different liquid water ¢'*0 and
oD analyzers, Los Gatos Inc.

LGR1 LGR2 LGR3!"
BB (y)~A8"%0 (x) y=—0.152x+0.987 a =—0.093x+0.999 b y=—0.165 3x+0.974 9 a
#=0.986 0, P<0.001 #=0.965 0, P<0.001 #=0.85
NB<4 000(y)~A8"0 (x) y=0.355%(1+x)**"¢ 3 y=0.184x(1+x)*1*% b y=15.67xe"7'"-15.67 a
=0.999 7, P<0.001 =0.994 8, P<0.001 =0.99
NB-=4000(»)~A5"0 (x) =0.638x(1+x)*?% ¢ 3 3=0.082x(14x)*1%7 b y=645.6x¢"21 %6456 ¢

BB (4)~AdD (x)
NB<4000(¥)~ASD (x)

NB =4 000(y)~A5D (x)

=0.998 0, P<0.001
3y=0.181x(1+x)**"2 a
7=0.997 8, P<0.001
y=0.539x(14x)"**' * a
=0.994 9, P<0.001

2=0.995 6, P<0.001
3=0.008%(1+x)**7** b
7=0.986 9, P<0.001
y=0.167x(1+x)**** b
#=0.997 5, P<0.001

#=0.98

y=273%e"* 1273 ¢
7=0.92
y=528.9xe"1%_528 9 ¢
#=0.98

LGR1: DLT-100, Los Gatos Research Inc.,

LGR3: [17]

75%
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80 oD
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5D
RIS

08-0048; LGR2: DLT-100, Los Gatos Research Inc.,
LGR1: DLT-100, Los Gatos Research Inc., serial number 08-0048; LGR2: DLT-100, Los Gatos Research Inc., provided
by LICA United Technology Limited in Beijing. LGR3: used in reference [17].
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Fig. 3 Discrepancies between IRIS uncorrected or IRIS corrected and IRMS for 6'%0 and 6D of leaf and xylem water
[17] Use merged correction curves, and more details about calculation refer

to Schultz et al 7).
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Table 3 Comparison in linear equations between IRIS uncorrected or IRIS corrected and IRMS in 6'°0 and 6D of leaf and xylem water

(dr) Leaf water OL, ris(V)~IL, Irms(X) (65) Xylem water 0x, 1r1s (V)~0x, iRms(X)
3" 0Ois BC 1=0.92x+3.65" 3"*0Oiris BC 1=1.38x+2.91"
#=0.84 , P<0.001 #=0.72, P<0.001
"0 AC 1=0.98x+0.10 ns 3" 0ris AC 3=1.00x-0.53 ns
=0.98, P<0.001 #=0.91, P<0.001
ODiris BC y=1.00x+4.30" ODrris BC y=0.99x+4.61"
7=0.97, P<0.001 7°=0.88, P<0.001
ODris AC y=1.03x-0.31 ns 6Dris AC y=1.04x-0.83 ns
7=0.99, P<0.001 #=0.93, P<0.001
n=132, n=30 BC ,AC * Siris(¥)~Oirms(x) 1:1  (=x) (P<0.01),
ns Orris(1)~Orms(x) 1:1 (y=x) (P>0.01) Leaf water samples n=132, and xylem water samples n=30. “BC”

represents before correction, and “AC” represents after correction. * indicates the linear equation between Jiris(y) and dirms(x) is significantly differ-
ent from 1 : 1 equation (y=x) at P < 0.01, and ns indicates the difference is no significant.
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