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leferentlapon of Hydrogen and ,Oxygenslsotopes in the Water Source Treatment

Wetlands of Stream N etworks

YANG/Ting"*, WANG Yang'*, XU Jing-yi'*”*, WU Ping*, WANG Wei-dong' "

(1. Key Laboratory of Drinking Water Science and Technology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing
100049, China; 3. Department of Ecology, College of Resources and Environmental Sciences, China Agricultural University, Beijing
100094, China; 4. Water Resources & Hydroelectric Prospecting & Design Research Institute of Jiaxing City, Jiaxing 314001, China)

Abstract: To explore the isotopic distribution and differentiation of water along the hydraulic flow gradients and plant-bed/ditch
systems in constructed root-channel wetlands, surface and subsurface water samples were collected from four ecological wetlands,
namely Shijiuyang and Guanjinggang in Jiaxing, as well as Changshuitang and Taishangang in Haining. All samples were collected
along water flow pathways during the wet and rainy summer season in August 2019, except for those from Taishangang, which were
collected within the plant-bed/ditch system during the dry and cold winter season in January 2020. The abundance of deuterium (8D)
and 8"0 was determined in each functional area of the wetlands to assess the influence of wetlands on water differentiation. Stable
isotope technology and mathematical statistics were used to analyze the distribution of 8D and 80 in constructed root-channel wetlands
and to reveal the influence of plant-bed/ditch systems on stable isotopes of water. A variety of data mining methods were used to
examine the differentiation of stable isotopes of water, at various dimensions and scales, including nonparametric Kendall’s tau-b
correlation, stepwise regression, gray relational analysis, and machine learning (random forest) combined with scatter diagrams and
model hypothesis diagnosis analysis. The main results were as follows: (D The spatiotemporal variations in water isotopes of stream
networks were largely affected by different water supply and evaporation enrichment effects. The slope and intercept of the wetland water
line in Jiaxing were both significantly lower than the regional precipitation line of the adjacent Changshu Station ( CHNIP). This
showed that the wetlands area had undergone hydrogen and oxygen isotope enrichment. The 6D values in Shijiuyang wetland water

ranged from —52.2%o¢ to —49.4%o, and 8"°0 values ranged from —7.6%oc to —6.9%0. In Guanjinggang wetland water samples, 8D
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ranged from —48. 1%o to —45. 1%o, and §"0 ranged from — 6. 8%o to — 5. 8%o. The 8D values in Changshuitang wetland water ranged
from —49. 8% to —48. 4%, and 80 ranged from —7.2%o to —6.6%c. The 8D values in Taishangang wetland water ranged from
~55.3%0 to —51. 6%, and 80 ranged from —7.8%0 to —7.2%c. @ Hydrogen and oxygen isotope abundance and composition of
water showed complex nonlinear changes in the vertical and horizontal dimensions at different scales. At the regional scale, water level
elevation in the vertical dimension had a greater impact on water isotope distribution than the length of the hydraulic flow pathway in the
horizontal dimension. Water isotopes tended to be enriched in low-lying areas with low water levels. At the local scale, the influence of
hydraulic process often played a greater role in determining water isotope distributions. The spatial variations of water isotopes were
comprehensively determined by the evaporation of regional water and meandering hydraulic processes inside the wetland. 3 Compared
with other wetland functional areas, the central constructed root-channel area ( middle treatment zone) was more enriched in water
isotopes. @ The underground macropore network formed by plants with developed rhizomes or roots (e. g., Phragmites communis Trin.
and Typha orientalis Presl), mineral-rich substrate soil, and aquatic plants in the plant bed had a significant influence on the
abundance of hydrogen and oxygen isotopes in the plant-bed/ditch system. Therefore, when water passed through the plant-bed/ditch
system , the values of 8D and 8”0 in the lower ditch (outlet) were lower than those in the higher ditch (inlet). 3 The abrupt change
in isotopic contents of the plant-bed/ditch system might indicate an inflection point in water quality purification. © The deuterium
excess (d-excess) in subsurface water of the plant-bed/ditch system was significantly higher than that in ditch water, and the
coefficient of variation in subsurface water was considerably greater than that in ditch water. The d-excess in the wetland root-channel
ecological purification zone showed significant temporal differences and was negative in the summer and positive in the winter, which
reflected the seasonal variation in water vapor sources and the spatial variation in isotope fractionation behavior in wetlands. These
results provide some understanding of the distribution of water isotopes in constructed wetlands, which will strengthen their operation

and management. This study also provides some ideas regarding new technologies for water quality improvement and. shews that.water
i o .|

isotope technology may be a reliable method for analyzing wetland hydrology. { i
Key words: constructed root-channel wetland; plant<bed/ditch system; hydrogen and_oxygen isotope; hydrauli¢*flows gradients ;
subsurface water; Jiaxing stream network area { = I § i .
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Table 4 Random forest regression of hydrogen and oxygen isotopes with water level elevation and hydraulic flow pathway length
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Fig. 6 Scatter diagram of 8D and 80 and a histogram of d-excess in wetland water



8 Wt A . T KR A A5 K SRR 3R 43 SR e 3703

U SR EZR LRI R T Y. BT ) R -745 R
BLNARE RIS ¢ IR B (£ S5) K10
/N R 7K T NOS =N JB R BE 5 L /N Y R K
NO; -NJTT it W BTG b 35 25 5, (AR /B iR 7K h
NH,"-NJ5T & % J2 20 W 2 A% T & 2 /N ¥ 3 7K
NH, -NJFi e JE (P 90.0020) . 7EAH ) IR 3, &

KRGt B H A &AL/ INE T K s 2 AR/
K, NH, -NFINO, -NJi e B 475 9K 52 BRI ARG
B R BV KA 2 5 M IR AL 08 5 1 3 B o
NH," -NFINO,; -NZ&3& 52 2015 LU . 76 B35 08 BEAR
A B 2] . 5 51 /N AH L AR /N YA A K B
TH, KA SIEY =5 26

x5 HEWK-HFERENH, -NIINO; -NEEIREFRITFIE / mg-1. 7!

Table 5 Statistical characteristics of NH," -N and NO; -N

in the plant-bed/ditch system/mg-L !

. s X ¢ A6
H it FIM = b T < T i P
NH," -N AL /INEITE K/ TS 57 /NI TR 7K 0.16 £0.07/0.28 +0. 09 -0.12 £0.02 -10. 14 0.002 0
NO; -N &2/ NE TR IR LN TR K 1.77 +0.49/1. 66 +0. 64 0.12 +0.96 0.24 0.8229
NH, -N RN ATV IAN- /N 0.12 +0.05/0.21 +0. 12 -0.09 0. 17 -1.04 0.3739
NO; -N A /IR IR/ T S /N Y T K 1.28 +0.80/1. 68 +0. 51 -0.40+1.15 -0.70 0.5328

JIT e AR5 DX S 4 3 b K b i R HE R K e K 3l
TR ANFHREL R, 6 SG AT, SRS K T3
IR TN fei 52 /NP e AL PR B 0 I T AR A2
N G a ~ d 7S (AnTEL 2 RS B ).
IR SRR 3R AR K L Bl e A b A R IR {’Ji%%?éﬁi
HAR B o 5SS (7). 4 %%Eﬂﬁ“mud\

m¢mmdﬁﬁmm¢anjmwzrﬁum@*

Fif a v d ﬁﬁi’)‘ﬂ@lﬂ 8D L{ﬁﬂﬁﬁ,ﬁ%ﬁ(%ﬁﬁ
YR R G R U Al i
oD {1, i 5 £/ 1\ v 7K 610 wgmrwp Wk

-30.0
—=— REHK
—e— {IfiiHK
-315 | —=— PR
—e— {IfiHHK
-33.0
&
-34.5 F
-36.0 |
-375

80 i 1, 3¢ Wl 2 R 00 PR 15 2R 0 XS K 6D i
8"0 HYR MR —4 5347 & IR AEAE A R
VEZRGE b I 437K ) % B0 SR A I AL
A — T HIAAELE a ~b L%ﬁ7k{)lb.%%ﬂ}k‘#7k
TR (O LRI 2 B B, B R
AN AR it K sl X
%xﬁﬁ%ﬁmnu%m*% B T
AT AR R 2 &ﬂ%ﬂb%%ﬂ¢%¢%%;
Pisi(b %ﬁﬁﬁm: ), uﬂﬁmFﬁﬁm&Wi{smﬁ%@
HF 9 BT A TR 7

-54

-57 F

'6.0 -

5'%0/%0

-6.6

B EE a ~ d XPREIE 2 P2 S PR XCBCR R W TH
B7 RMRAESFURKERLESH

Fig. 7 Distribution of hydrogen and oxygen isotopes in the wetland root-channel ecological purification zone
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