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1. Groundwater circulation patterns in the coastal zone

Water Supply and demand in 2020 WATER USE

Water use
100%
_\ = 80% = Manufacture
» Water consumption was mainly domestic ' g = Domestic
for  production, but the " g " ocology
proportion decreased, while the ma":‘:a““ E. ZZj
proportion of domestic water 60% & ¥ 0 3% 80 5
consumption increased. year
» The main water source is the WATER SUPPLY 0 Water supply
transferred water from the 100%
Jiulong River, accounting for urtace . - Divert water
62%, and the proportion is 31% S 0% = Surface water
increasing year by year, with S 0% 1 = groundwater
little underground water supply. divert g 20%
water E- 0% ————
o R O
o st RIS
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Water supply and demand in 2030

The first supply and demand balance

Taking 2018 as the base year, without
supplemental water supply and water
conservation;

quantify the regional water resources supply
and demand.

The second supply and demand balance

Based on the local water resources, suppress
the demand for water supply;

reduce the supply-demand gap derived from
the first equilibrium analysis.

The third supply and demand analysis

Based on the second equilibrium, balance the
supply and demand at a regional level by
transferring water;

solved shortage of water resources in the target
years.

<

‘probability 50%

20 20
= 1s S s
<10

g os

0.0 M 0.0
. 05

; 10

Siming Huli Haicang Jimei Tonmpan Ximngan
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1. Groundwater circulation patterns in the coastal zone
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The Problems in Water Supply in Xiamen 06 -

* Xiamen is an extremely water-stressed city.
05

¢ The maximum water deficiency in an extraordinarily dry

N
)

year is 5.12X108m3 in 2030, the water deficiency ratio of 04
E it v
49.61%. : <) o
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» Transferring more water can increase the regional water > :’ﬁ: ﬁﬁ
supply for Xiamen in 2030 o2 ] ol
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» The area still has a water shortage of 1.83 X108 m? (p=95%) o1t
in extraordinarily dry years, with a water deficiency ratio of
22.51%. 0

Siming Huli Haicang Jimei Tongan Xiangan

Odomesticde EIndustrial B Agricultural

¢ Domestic water use tends to gradually rise in the Siming and
Huli districts, where most water is used for domestic supply,
leaving a small potential for water conservation. Their water
deficiency ratios will be 36.61% and 37.82% respectively. th B M i s S
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1. Groundwater circulation patterns in the coastal zone

Characteristics of the coastal zone in the R HER

southeast of China: £, 20 )

» The average width of the plain area is less |
than 20 km;

» Complex medium, including pore and
fissure ;

» The heterogeneity is strong and the spatial
variability is large.
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Topographic map of Fujian Province  cimecroiosicar survey



1. Groundwater circulation patterns in the coastal zone

S d 1 ch . e * Multiple environmental isotopes CH, D+ 130, C. Ra...... );
upposed general € aracteristics Identified by: * Both 3D and 2D groundwater flow model;
of groundwater circulation: | > * Geophysical prospecting (Induced polarization sounding)

e Short of flow path

e Shallow circulation

* low depth
* Smooth gradient
N
jS\/'mif R ] Legend
) » o \/ Local flow
Legend Intermediate
- flow
-
- Regional flow
|:[ 6-7 \/
E: ; ;‘,:C\ Residual soil
Ez : : Weathered
M- crust
i - .~{ Bed rock

Map of groundwater depth in plain area of - L= Sl )
Xiamen City PEMFAESR
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Groundwater samples collected from
different aquifers and depths
Main tracers: D/'80Q, Tritium and “C

Tritium :

D/130 Characteristics:

e In general, there is a certain
deviation from the local atmospheric
precipitation line;

 The offset

distributed in deep Wells, indicates

samples are mainly
that the recharge sources of deep

water and shallow water

different.

are

* The shallow aquifer contains both recent water and modern water;

* There is almost no modern water in the deep aquifer, which is mainly

a mixture of ancient water and recently recharged water;

3D(%0VSMOW)

Depth (m)

1. Groundwater circulation patterns in the coastal zone

y=8.16x + 10.68

LMWL
—_

y =5.8664x-5.1133

y=7.1604x+4.5605 @ 2.
- ®
- A A
0 ¢ ® Depth<20m

4 Depth>100m

D/'80 at depths less than 20m
and greater than 100m

-6.5 -6

5.5 -5 -4.5 -4 -35 -3
3150(%VSMOW)

0.9

* 4+ * 32 3 0 o 4 * . N
Recently recharged wafer) odern water
(<5-10a)
2
Ancient water & recently
recharged water
1.1 1.3 1.5 177 179 Z‘II 213 2.5 27 2.9

T(T.U)
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O 10000a-20000

Depth (m)

Spatial distribution of deep-water age gained from '4C

* From the piedmont to the coastal areas, the age generally presents
an increasing trend;

* Deep wells at coastal zone generally have older age;

* There are also a few wells with older age in the piedmont.

The groundwater age increases with the increase of well depth,
especially when the well depth exceeds 20-30m;

When the well depth exceeds about 100m, the rate of age increase

significantly;
The maximum age is about 20,000 years.
Age (a)
-5000 0 5000 10000 15000 20000 25000
0
° .
Shallow aquifer
500 ¢
L Shallow &deep aquifer

100
h oo Deep aquifer

150

200 [

o50-0 Older age of » water rech.arged (.iurmg

Deep water the glacial period.
300
Relationship between groundwater age and well depth RER
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The results of geophysical

prospecting shows a

APRMR: 1:10000

SFEWFR 1:200

different type of salt-water
intrusion pattern in coastal

area.

+o4+
=20,

Frdwme [ sme [olamie TE1sae [E] am
Supposed (typical) distribution of salt-water body

ARHPAR: 1:10000
SERHAR 1:200

“Real” dlstrlbutlon of salt—water body identified
by Induced polarization sounding
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The submarine groundwater discharge flux in 4 J
Xiamen Bay, calculated using radium isotopes ; ‘ .
tracing techniques, is approximately 172,500 cubic : a
meters per day. This supports the evaluation of ; o
groundwater resources. 2 _ .
2”7%% H8.I°E 11852']5 1183°E 113:4“5 185°E HB.6°E H8.TE 24'3‘;5]8“‘;7 TE.‘I‘}; 118.2°E 118.3°E 11B4°E 185°E HB6°E H8.T°E
The distribution of ?>3Ra The distribution of ??“Ra
(dpm/100 L) (dpm/100 L)
24.8°N \, ! -7 24.8°N, \ | -
/ { A
1\; [ \ 102 \{ WS l\k\‘ \ i 25
247N K ' : Wil HTN 5 a CEL
=] L ENE D L 2
R e ) B "
24.4°N| - V ‘7"’;;.‘
o KRNI B HWer srE nsoE 183 1I84°E 1185°F B H8TE
£ o HIGRFIL WM _Ilﬂ:ITE.? 182E 18.3°E 184 18SE 118.6°E 118.7°F
N © Bhhhy PR

HRIF us2E HRSE IS4 HESE S EF HSTE

Sampling sites and calculation unit division
in Xiamen Bay

The distribution of 22°Ra
(dpm/100L)

The distribution of 226Ra

(dpm/100L)
p T TS 'J“JEE
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3D groundwater flow model

3D groundwater flow model was established, and
the potential groundwater resources was
evaluated.

Eight groundwater source areas were further
delineated through comprehensive analysis.

It is calculated that the emergency groundwater
resources of eight potential areas is about 210
million m?, which can be used as emergency
water supply source.
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The characteristics of groundwater quality and evolution of Fid s:’"‘:} e N e .&f” \
. . i & pHEE® > m:a HiK E. o i N\ : (
hydrogeochemical facies . "?.. . D), S 3\";\
e . SH(E I-'HG’ ’:tié $o Pade / 5 <- y ¥ .
y e Y e 2 Qo
*  Based on the comprehensive analysis of groundwater quality in recent years, the current e, Sfese e o0 LN
%18 &xix wie o .
terrestrial groundwater quality has been assessed. Comparative analyses have been . X g o 2o . S e e ’
. ,’;-- : o oHEAL/ |0 = “..“ LA | 4
conducted on between deep and shallow aquifer, and different hydrogeological units. ) - o = i e
? ) ® P o0 e
. Over the past three decades, hydrogeochemical facies has tended to become more e "”“":’ e AT aiiie
E: 3 TR
complex (increasing from 5 to 13 types). The impact of human activities on groundwater = Ly il
has increased significantly (Evidence from the exceedance rate of nitrate and lead). i ,;'-‘ “;; f‘ % i
el e e o
‘é‘ BlHTAkREERSE Proportion of water chemical Proportion of water chemical
o H types in 1993 [— = types in 2019 \
HS 5 —
S HSC =
HeS HCS g HCO,
HC (| HC e
s s 1 decrease,
SCH SCH é
S | ] sC
& e a —— 504&Cl
. CHS .
e H-HCO, csH a H-HCO, Increase.
amxmraanane < s P e 550
PEMEN LR R R ¢ C-Cl C-Cl
20224108
Comparison of hydrochemical types of groundwater in different = [E| 11 [ 1525 /5

periods (Li et al., 2022) CHINA GEOLOGICAL SURVEY



2. Hydrogeochemical evolution and groundwater quality

pH

Evaluation results of groundwater quality in different years
—a—Contribution rate during 2019-2021/%

Number of Proportion/% Water Inferior to Class 1l —s—Contribution rate in 1993/%
Year -
Samples Cl;ss Cllz;ss C}[a]ss ClI:’ss C]\T{ss I\Tsu;mam‘t;;z ;Jf Proportion/% Al contribution rates
1993 85 129 | 11.8 | 15.3 | 282 | 31.8 51 60.0 NHL NO;~ 26.0%
' Pb 16.3%
2019 172 12 | 47 | 227 | 512 | 203 123 715 NH,* 10.6%
Al 41%

e The proportion of Class I-III potable groundwater Igoz‘ g.g‘;{)

decreased from 40% in 1993 to 28.5% in 2019; " o
e The total proportion of poor-qqahty and undrmkablf: Main indices affecting groundwater quality and

groundwater (Class IV and V) increased from 60% in their contribution rates

1993 to 71.5% in 2019;

e  The proportion of Class IV water that could be used as
portable water after proper treatment increased from
28.2% in 1993 to 51.2% in 2019, and the proportion of

The number of the indices affecting the groundwater
quality increased from 9 in 1993 to 15 in 2019.
The additional six indices consisted of NO;™, Pb,

non-portable Class V water decreased from 31.8% in NH,*, AI**, NO,, and Cu
1993 to0 20.3% in 2019. * NO; and Pb had contribution rates second only to
pH. R VT
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2. Hydrogeochemical evolution and groundwater quality

Milligram equivalent percentage
(%) anion

OA60 z ™o 60RO +
*Z: Yf g §7 .’ :\00 Na*+K*
20 n“ ° W 5 2% 5 20 Ca*
N T R
%5 B 5 BTos o e & @ +
® Ca' Tg & Mg2
(a) Bedrock fissure water ( 2019)
100 100
80 80 +:1993 80 80 ©:1993 .
S/ deody a0 St Ted T Polygon diagram
& 40 .;‘&40;5: /40 a ao%‘:
20 + “o}'“’ 20 20 ‘: ; o 20
‘1!"? DY Y s 5.7 . . _
IR b . i 18 :-f:-* oK R e Both the maximum and average relative content of NO,
> AR AT ool ” —
- % 11 ¢ - Y e exceed those of SO,*".
S * RS SA60 %, : 0 60RY, . . . . .
77 &4 (e . % N L ¥ e The increase in the relative contents of nitrates in the
* el + + s 8 20 °8 o Pow B o0 20 : 2 8
» L hRER K Far [ AT b ) -2 groundwater has changed the hydrochemical characteristics of
AR E R YT PR RS the groundwater.

e NO; has become a major anion affecting the hydrochemical
nomenclature, forming the water of NO; type. 1755
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2. Hydrogeochemical evolution and groundwater quality

The origin of NO3 water

* In the natural state, soluble rocks (or 60 :
minerals) dissolve at a fixed rate 50 “j o
. ) . °o o o
during groundwater flow, the ratio of "1 .%o o
y(CaZ*+Mg?*)/y(HCO;+ SO,*) in o 40 i o, ©Oo o
. & - o
water should fall along the 1:1 line. = g 8 °
o 30 LN o
* With the increase of NO; content, = - i A}A
The ratio of y(CaZ*+Mg?*)/y(HCO; 20 A& & a )
+ SO,%) in NO; water obviously R NOy water
. 4 3 . 10 & Other water i
deviated from the 1:1 line, It | A £A
indicates that polluted water is 0
0 1 2 3 4 5

mixed into the groundwater.
y (Caz*+Mg?*) [y (HCO,;+S0,%)

Ratio of ion in different water
hEMREAES
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The origin of NO; water

» p(NO;) is weakly correlated with

p(K*). Suggesting that agricultural
fertilization influenced the formation

of NO; water, but the effect was small.

The strong correlation between p(NO;)

and p(Cl) suggests that NO; is

predominantly derived from domestic

sewage or landfill leachate infiltration.
Domestic sewage or landfill

leachate is the main source of
NOj;™ in groundwater.

160

p(NO3-)(mg/L)
8

=
[=))
o

-
[
o

o

o R*=0.27

Other water

y=1.2528x +24.973

5

]

=
N

p(NO;-)(mg/L)
o

[=)
o

10 20 30 40 50
p(K*) & f(mg/L)

Other water

y=0.3832x +22.081
R*=0.26 o

p(NO;-)(mg/L)
3

IS
o

50 100 150
p(CI) % & (mg/L)

o

2. Hydrogeochemical evolution and groundwater quality

NO? water
y = 1.0264x + 67.535
° R2=0.11
[e]
s R
Oo ___.9--o--o"""
o__. - i
Rgoes "6 -
P,
2%
i S S S S T R R L T B Sra |
10 20 0 " . .
oK) & B (me/L)
NO3 water

y=0.7518x + 46.187

-
-
-
-
-
-
-
-
-

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

50 100 150 200 250 300
p(CH% F(mg/L)

Ratio of ion concentration in different water
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2. Hydrogeochemical evolution and groundwater quality

The distribution of the intensity of
anthropogenic influences

- S
A ‘ot
™) o . ¥ N
‘ 3
SO
.G ¥
A E D E
N

Types of land use

T -Fmst land

Cultivated land

.
[ Aviificial surface
-

Anthropogenic influence intensity
® Very stong © |Weak

? 5 10 km ® Stong ®  Very weak

The groundwater subject to strong or relatively strong
anthropogenic influences is mostly distributed on artificial
surfaces and cultivated land, while the anthropogenic
influences on the groundwater sites in forest land areas
were mostly rated as weak.

The zones of the intensity of
anthropogenic influences

Anthropogenic influence intensity

Very strong

Zones with very strong anthropogenic influences on
groundwater include Houxi Town in Jimei District and
Haicang Street in Haicang District, while zones with
very weak an-thropogenic influences on groundwater
include the northern bedrock mountainous area.
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3. Seawater & sedimentary quality and pollution source

Investigation and sampling

* 63 surface seawater samples;

Coastal sampling site of the 908 special survey

o

* 132 intertidal and coastal sediment samples;

* Compared with the 908 special survey data collected
from the Ministry of Natural Resources.

©  WIRSRFEA @  MPKMMHEIMRAEN —— 0TR[] s ax g
CHINA GEOLOGICAL SURVEY




3. Seawater & sedimentary quality and pollution source

Distribution and environmental risks of emerging The threat of new pollutants of different kinds
contaminants (Microplastics, antibiotics and The risk factor of Sulfamethoxazole(SMX). perfluoro caprylic
P acid(PFOA). atrazine(AZ) et al. in surface water and
groundwater is greater than 1, with high environmental risk.
The detectable rate of microplastic

samples was 100 %

* Surface water : 1.5-4.0/L

e groundwater : 2.2 -3.4 /L

* sediment : 800 —3167/kg

» The proportion of fragments is the
highest;

Fd

25"3000"N
!
e

\3\

T Ty j m III ||| » White microplastics has the largest
) ) i) e&ss

25"06U0°N

ln‘f-@ns- v

proportion;

m

» PE&PVC have the highest proportion.

§ \
z i ' s g 10 10°
£ 5 - o
g ‘ P (= Surface water 10 r& ° groundwater
& | o 8 o o o )
i, 10 g s 10 o
\ 107 foaf ] 8 10" §a
] o 9 oo ° o I‘i" _g_ 9 8
WS g 10? S g 10” ] —
b ] R . )
o Tk 10° s o 10°F 5 o
A URY) 10°* ° 10* =
. ] 25%-75% ] momtis ° ] 25%-75% [ snts
-5 -5
Bd o 0 »m 107F | 0Pyl — bl o BIBHE oL O o — o BBk
[N 1 6

10 10°
5\\1\,{0% ﬂ%@!\ %"‘5“1’?0“5?0 gweo? Y\QP((@ c)ﬁyo‘* Pﬂ,%g\\ 5\\%\;\1’ ?eP%QO 5\$ \,\Qwﬁ\w TE
117°00'00"E 117°2400°E 117°48'0"E 118*1200"E RVEY



The distribution and sources of antibiotics

* Tetracyclines (TCs) were the most frequently detected antibiotics in all
water (62.5%-100% detection rate) and the main antibiotics in different
water sources (43.3%-68.7%).

* Antibiotics can be transferred to groundwater and gradually accumulate.
Wastewater from human as well as from aquaculture were the main
sources of antibiotics. The composition of antibiotics in groundwater was
similar to that in river water and seawater, suggesting that infiltration of

surface water may be the source of antibiotics in groundwater.

a20 b 10 c 15
7K K P HORK i
< <05 .° CFC <10 AT o0 8SMX
10 [ gz (°O0TC .. | &7 [cCTC LN - OTCCre “CFC
~ . /CFC\| 12 0.0 ipxesEFCY & 05 | g o
Y00 SMX-+DXC--i-%EFEY < \ =smz| < o /SM2|
C-{ - EFCH X ; DXC [

o \ | N5 | . =SMX/| ¥ 0.0 |
< ‘TC A oTC S ‘X' < \EFC/
£-10 ¢ i eCTC .40 | o e o5 | e

2.0 s i s s 15 s L L -1.0 L L s s

10 -05 00 05 10 15 10 05 00 05 10 15 -15-1.0 -05 0.0 05 1.0 15
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1.0 L L L L 15 L L L

-15-1.0 -05 00 05 1.0 15 10 05 00 05 10 15
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3. Seawater & sedimentary quality and pollution source

The environmental risk assessment of antibiotics and PFAS

The risk quotient (RQ) values for nine antibiotics (CFC, TC, SMX, DXC, OTC, EFC, OFC, SMZ, and CTC) exceed 0.01,

posing at least a low risk to the aquatic environment. Among them, CFC and SMX present a high risk (RQ>1) in all water
bodies. For PFOA, high environmental risks are present in 12.5% of surface water samples and 37.5% of groundwater

samples. For PFOS, both surface water and groundwater samples show a low to moderate environmental risk.

a 40? = i b 102, —— € 402
25%-75% | AEERHE ‘
» Groundwater
10' & lovs— i oxwn 1018 Seawater 10'+9
o 0 o 8’ 0E % o 0
&~ 1079~ %%Oﬂ """"""" &~ 107 E@E """ E@ga """"""" & 10 gy g 78
\ﬁ% 107" ---- % ---------- E%g % ------ O—--E% ----- \ﬁ&» 107" E---- E%ﬂ ---------- ics E@Q ----- T
R R W&
@ 102 _________________________________________ & 102______________________________ _________ @ 102 >
< = 107 = E
10° 107 3 °
Surface water e 10
0 oo onoa Uoorceoonoa O |
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3. Seawater & sedimentary quality and pollution source

The global comparison of pharmaceuticals’ detection rates in the aquatic

environment in coastal areas.
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